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1. OVERVIEW

1.1 Objectives

The specific objectives of this study were to develop a
GL/SLS LOCK CAPACITY MODEL to be used as a planning tool to deter-
mine if, or when in time, the Soo, Welland, and St. Lawrence Lock

Systems can

be expected to reach capacity as a function of:

Cargo Traffic Projections

+ Vessel Fleet Projections

- Vessel Operating Characteristics

and Locking Times

Lock Operating Characteristics

Length of Navigation Season

Available Operating Time (Weather, Delays,
Lock Malfunction Delays, Daylight-Only
Navigation)

Pleasure Craft and Non-Commercial Vessel
Locking Requirements

Winter Vessel and Lock Opening Procedures

Overall, the GL/SLS LOCK CAPACITY MODEL can be described
as a queuing model which analyzes steady-state lock operatons and

vessel-lock

interaction. For a given set of the above-listed

data and a specific year, the GL/SLS LOCK CAPACITY MODEL generates

the following output for 14 separate time periods (10 months plus
early and late April, and early and late December):

Cargo Transported by Commodity and
Direction

Vessel Operating Fleet
Yearly Vessel Transit Demand by

Vessel Class, Commodity, and
Direction

Daily Vessel Transit Demand by
Direction
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« Lock Cycle Time by Direction
(Mean and Standard Deviation)

» Average Vessel Waiting Time by
Direction

- Average Vessel Queue Length by
Direction

+ Lock Utilization

- Vessel Delay Costs

1.2 Environment

The GL/SLS LOCK CAPACITY MODEL was developed for and sub-
mitted to the Department of the Army, North Central Division,
Corps of Engineers by ARCTEC, Incorporated, the sole developer
of the GL/SLS LOCK CAPACITY MODEL. The model is intended for use
by the Corps of Engineers as a planning tool to determine when
lock capacity is reached for the Soo, Welland, and St. Lawrence
River lock systems and to analyze the influence of factors causing
capacity. Production runs have been performed by ARCTEC, Incor-
porated for the Corps of Engineers to determine when the Soo,
Welland, and St. Lawrence River lock systems reach capacity under
existing conditions, and with the incorporation of several non-
structural and structural alternatives for improving system

. capacity. ]

: The GL/SLS LOCK CAPACITY MODEL was run on a Boeing Computer

Services (BCS) CDC mainframe computer under tneir EKS operating
system. BCS maintains CDC Cyber 175 and CDC 6600 computers.

[ 1.3 Program Specifications

The GL/SLS LOCK CAPACITY MODEL is able to handle multiple
runs consisting of different combinations of Tock system(s) and
| locking time range(s) in one job. It can also run combinations
| of such capacity expansion measures as changes in locking times,
i changes in draft, and changes in lock size.

The main program consists of a mainline program and 10
separate modules. The mainline program orders the execution of
the 10 modules, which perform separate sections of the analysis.
A conceptual flow diagram of the GL/SLS LOCK CAPACITY MODEL
appears in Figure 1.1. Specifications for the GL/SLS LOCK CA-
?A?ITY MODEL, DATA FILES, and OUTPUT FILES are listed in Table
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TABLE 1.1

SPECIFICATIONS FOR THE GL/SLS LOCK CAPACITY
MODEL, DATA FILES, AND OUTPUT

LOCK CAPACITY MODEL

Language:
Core Required for one Run:*
Program Size:

ASCII Listing

Binary Compilation

DATA FILES

Size Per Lock System:

QUTPUT FILE

Size (Scenario No. 5, all 3
Lock Systems):

Print Size (same file as above):

BATCH SAMPLE RUN STATISTICS (SCENARIQO NO. 5)

Compilation Time
Execution Time:

Job Processing
Computer Charge Units (CCU's):

Cost per CCU (if run at low priority, P02)

*One run consists of ail three lock systems.

1-4

CDC Compatible FORTRAN
160,000 Octal tords

189 PRU's
217 PRU's

31 PRU’'s

2718 PRU's
21,129 Lines

12 CP secs
40 CP secs

439 (includes all three locks,
execution only)

$0.030 to 0.075
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2. INPUT DATA FILES

2.1 Introduction

The GL/SLS LOCK CAPACITY MODEL consits of a main program
and three (3) separate data files. This section on the input data
files presents a list and detailed discussion of all the variables
that appear in the input data files as well as a discussion of
how certain variables may be manipulated to vary the results of
the Lock Capacity Analyses.

Each Lock System is represented by its own data file. Each
data file contains not only system, lock, and vessel data, but
also contains run parameters. System, lock, and vessel data in-
clude operating conditions, route data, available operating time,
locking times and locking characteristics, and vessel character-
jstics. Run parameters determine the lock system, maximum vessel
class, locking time range(s), and season extension(s) to be ana-
lyzed. A complete list and description of all input variables can
be found in Table 2.1 at the end of this section.

2.2 Run Parameters

The run parameters determine the lock system, locking time
range(s), and season estension(s) that are used in the lock ca-
pacity analyses. The run condition data is contained in the first
four lines in each data file, the first of which contains the
go/no-go flag and the data file identifier. A data file is iden-
tified by a 1, 2, or 3 in the data file identifier column, repre-

senting the Soo, Weilland, or St. Lawrence lock system, respectively.

To run any particular lock system a 1 must appear as the go/no-go
flag, as a 0 indicates that the lock system that the particular
file represents is not to be analyzed. The same 1/0 designation

is used to choose which season extension(s), and locking time
variation(s) are to be used. The program, as modified for this
study, is able to run only Season Extension 1 at the Soo Locks
(April - December) and Season Extension 2, which denotes the same
period (April - December) at the Welland Canal and the St. Lawrence
River since variations in season extension were not selected by

the Corps as capacity expansion alternatives.

The ability to implement a capacity expansion measure when
capacity is reached is incorporated in the program. These meas-
ures are implemented by go/no-go flags, expansion measure identi-
fiers, and the appropriate new data that deals with the expansion
measure at the bottom of each data file.

2-1




2.3 System, Lock, and Vessel Data

System, lock, and vessel data includes data on operating
conditions, available operating time, locking times, vessel char-
acteristics, route data, and cargo shipping demand. Data per-
taining to the validation of the base year is also included in
the input data, such as the transit distribution factors, which
determine the percentage of total annual loaded transits that
occur in each of the operating periods. A complete description
of each variable can be found in Table 2.1 on the following pages.




GONOGO
IS

LU
ISES(4)
ILTM(3)
ZBHF(12)
FACTOR

CALFAC

SYSFAC

SYSADD
SYSTIM

ADDPCT(6,12)

cc(12,6)

TDF(12,14)

WHEAT(80,3)

STLPRD(89,3)
GENCAR(80,3)
S0Y(80,3)

BLYRYE(80,3)

TABLE 2.1

INPUT DATA (IN ORDER OF OCCURRENCE)

Go/no-go flag (See Section 3.1)

Data file identifier (See Section 3.1)

Maximum vessel class

Season extension identifier (See Section 3.1)
Locking time range identifiers (See Section 3.1)
Ship utilization factors

Cargo Multiplier: Can be used to vary the total
cargo potential for sensitivity analyses

System queue length and waiting time multiplier:
CALFAC accounts for the number of non-constraining
locks in the Welland Canal and the St. Lawrence
River.

System lock cycle time multiplier: SYSFAC accounts
for the number of non-constraining locks in the
Welland Canal and the St. Lawrence River.

Time spent in the flight locks - hours

Round trip time in the Welland Canal and the St.
Lawrence River minus time spent in the locks and
lock queues - hours

Fleet mix ship bui]din? percentages as a function
of commodity and vessel class

Carrying capacities as a function of vessel class
and commodity - short tons

Transit distribution factors: TDF represents the
percentage of annual loaded transits occurring in
each of the 14 operating periods for the base year
validation. TDF is a function of vessel class and
operating period. These are only used for vali-
dation.

Cargo Projections for wheat: WHEAT is a function of
year and direction (upbound, downbound, or total)

Same as above for steel products
Same as above for general cargo
Same as above for soybeans

Same as above for barley and rye
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CORN(80,3)
0ILSD(80,3)
ALMSTN(80,3)
AIRORE(80,3)
RAWMAT (80, 3)
COAL(80,3)
PETROL(80,3)
CEMENT(80,3)
AMIN(80,3)
DRYBLK(80,3)
DATM(14)

TMLOCK(12,2,4)

TLTML2(12,2,4)
TLTML3(12,2,4)
STDEV(12,2,4)

BTF4
BTF5
BTF13

BTF14
TURNBK(2)

XSHIP(12)
XCAP(12)
PCRF(14,2)

FLOAD(6)

DISTN(2,6)

TABLE 2.1 (CONTINUED)

Same as above for corn

Same as above for oilseeds

Same as above for limestone

Same as abave for iron ore

Same as above for raw materials

Same as above for coal

Same as above for petroleum products
Same as above for cement

Same as above for nonmetalic minerals
Same as above for dry bulk

Operating hours per day for each operating period.
DATM is a function of operating period.

Normal range of locking times in minutes: TMLOCK
is a function of vessel class, direction, and lock.

Low range of locking times
High range of Tocking times

Locking time standard deviation in minutes: STDEV
is a function of vessel class, direction and lock.

Base year bias traffic factor for early April: If
BTF4 = 1.0, maximum bias is obtained; if BTF4 = 0.0,
zero bias is obtained.

Base year bias traffic factor for late April
Base year bias traffic factor for early December
Base year bias traffic factor for late December

Turnback time in minutes: TURNBK is a function of
lock

Vessel operating costs in $/hr: XSHIP is a function
of vessel class

Vessel capital costs in $/hr: XCAP is a function of
vessel class

Pleasure craft and ice lockages in lockages per day:
PCRF is a function of operating period and direction.

Loading factor: FLOAD accounts for broken stowage
space in the cargo vessels. FLOAD is a function of
commodity.

Mean one-way distances in miles: DISTN is a function
of direction and commodity.
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FILL(6,12)
EMPTY(6,12)

HRS(14,4,6)

VSA(14,12,4)

DIN(14,4)

P0(80,12)

BASEFT(6,12)

BTF(14,4)

TDFCX(5,4)

CAPINC(12)

TABLE 2.1 (CONTINUED)

Loading rate in short tons per hour: FILL is a
function of commodity and vessel class.

Unloading rate in short tons per hour: EMPTY is a
function of commodity and vessel class.

Available operating hours per operating period:

HRS is a function of operating period, season
extension, and commodity. Cargo will be transported
in any operating period with a non-zero entry for HRS.

Vessel speed of advance in miles per hour: VSA is a
function of operating period, vessel class, and
season extension. Vessel classes can be prohibited
from operating in certain operating periods (winter
periods) by setting VSA for that particular class
and operating period to zero (this has and can be
done in the program also (See Section 5.4.1)).

Relative demand indexes: DIN represents the relative
demand for cargo to be shipped during each operating
period and so influences the tonnage distribution

over the year. DIN accounts for the start-up and
slow-down at the beginning and end of operating season
and was chosen to duplicate the start-up and slow-down
observed in the base year. DIN may be any number from
00.0 to 99.9 and is a function of operating period and
season extension.

Vessel phase-out fractions: PO accounts for old
vessel phase-out and represents the percentage of
vessels phased out of each class for each year. PQO
is a function of year and vessel class.

Zero-backhaul base year fleet: BASEFT was arrived at
through validation and is a function of commodity
and vessel class.

Biased traffic factors for non-base year analyses. If
BTF = 1.0, maximum bias results; if BTF = 0.0, minimum
bias results (See Section 4.4). BTF is a function of
operating period and season extension.

Transit distribution factors for extended season grain
and general cargo: Because extended season grain and
general cargo are distributed evenly over the extended
season, the transit distribution factors must be
specified. Note that TOFCX sums to one for both
commodities in order to transport exactly the extended
season tonnage potential. TDFCX is a function of season
extension periods and season extension.

Capacity increase with increases in system draft: CAPINC
is a function of ship class and is tabulated in short
tons per year.




TABLE 2.1 (CONTINUED)

ICAPX Go/no-go flag: ICAPX determines whether to imple-
ment a capacity expansion measure or not (1 = yes,
0 = no)
MEASUR Capacity expansion measure identifier:
1 - Locking time and reductions
2 - Construct larger locks
3 - Increase allowable ship draft
FOR MEASUR =1
REDLT(3,2,5) Locking time reduction factors: REDLT is a function
of Tock system (Soo, Welland, St. Lawrence), direction,
and alternative.
NHOWTO Alternative identifier
FOR MEASUR =2
NEWLU New maximum vessel class
ZBHF(12) Same as previous ZBHF, but for additional vessel classes.
ADDPCT(6,12) Same as previous ADDPCT but for additional vessel
classes
cC(12,6) Same as previous CC but for additional vessel classes
TMLOCK(12,2,4) Same as previous TMLOCK but for additional vessel classes
TLTML2(12,2,4) Same as previous TLTML2 but for additional vessel classes
TLTML3(12,2,4) Same as previous TLTML3 but for additional vessel classes
STDEV(12,2,4) Same as previous STDEV but for additional vessel classes
FILL(6,12) Same as previous FILL but for additional vessel classes
EMPTY(6,12) Same as previous EMPTY but for additional vessel classes
VSA(14,12,4) Same as previous VSA but for additional vessel classes
P0(80,12) Same as previous PO but for additional vessel classes
CAPINC(12) Same as previous CAPINC but for additional vessel classes _
FOR MEASUR = 3 ;

DRAFT New allowable ship draft through the system

LOCKS Go/no-go flag that allows implementation of new locks
along with deeper draft. (0 = no, 1 = yes)

2-6




3. COMPUTER USAGE

3.1 Selecting the Run Parameters

The run parameters determine which system(s), maximum
vessel class(es), season extension(s), and locking time range(s)
are analyzed. These run parameters appear in the first four
lines of each data file as shown in Figure 3.1.

3.2 Running the GL/SLS LOCK CAPACITY MODEL

Experience with the GL/SLS LOCK CAPACITY MODEL has shown
that the most efficient method of using the program is to keep the
program and data files stored in separate indirect access files
and to run the program from the terminal in the remote batch mode.
To run the program in the remote batch mode the user must use a
submit file to submit a desired job. The sample submit file in
Figure 3.2 was used to submit the previously compiled program.

3.3 Qutput

Results are printed as nine tables in the following order:

Projected Cargo Tonnage
Fleet Mix

Vessel Characteristics
Yearly Transits

Daily Transit Demand
Actual Transits

Queuing Information
Delay Cost

Actual Cargo Flow

Data is printed out as a function of operating period, com-
modity, vessel c¢lass and direction through the locks. For purposes
of this project the delay cost output has been suppressed. A
sample copy of one year of one run appears in Appendix D.

3-1
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FIGURE 3.1
SAMPLE RUN PARAMETERS

»3 GONOGO, Data File Identifier
Maximum Vessel Class

1,0,0 Season Extensions

0,0 Locking Times (Normal, Low, High)

The go/no-go flag should be 1 for a data file if that
particular system is to be analyzed, and O if not.

The Data File Identifier should be left constant; 1
signifies the Soo system, 2 the Welland Canal, and 3
the St. Lawrence River.

Vessel Class is for baseline only. New vessel classes
are input with expansion measure data.

« The four figures in the 1ine labeled "Season Extensions"

represent from left to right, season extension 1, 2, 3,
and 4. A 1 in the appropriate space denotes that the
season extension is to be analyzed while a 0 denotes
that it is not. Note that the program is now only
capable of running April thru December which corres-
ponds to season extension 1 at the Soo and season
extension 2 at the Welland and St. Lawrence River.

This is due to the fact that the expansion alternatives
selected by the Corps did not include season extension.
The program was therefore modified and streamlined in
that area.

The three figures on the line Tabeled "Locking Times"
represent, from left to right, normal, low, and high’
locking time ranges. Again, the same run/no-run con-
vention applies.




FIGURE 3.2 SAMPLE SUBMIT FILE

ANALOK,CM20600,T200.

USER,CEF218,ARCTEC.
GET,TAPE1=NWSO00.
GET,TAPE2=NWWEL .
GET,TAPE3=NWSLS.
GET,TAPE3=NWSLS.
BREVIS.

EXIT,U.
REWIND,OUTPUT.
COPYCF,0UTPUT,BUGS.
REPLACE ,BUGS.
REWIND, TAPES.

COPYCF,TAPE8,TABLES.

REPLACE ,TABLES.
REWIND,TAPEQ

COPYCF ,TAPE9,DBGOUT.

REPLACE ,DBGOUT.
COST.

DAYFILE,ERROR.
REPLACE ,ERROR.
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FIGURE 3.2 SAMPLE SUBMIT FILE (CONTINUED)

LINE
1 User, Memory Limit, Time Limit
2 ID#, Password
3 Get a copy of the LOCK CAPACITY MODEL (Compiled
Version) from the files
4 Get a copy of the Soo data file
5 Get a copy of the Welland data file
6 Get a copy of the St. Lawrence data file
7 Execute the program
8 If there are execution errors, this allows the
rest of the submit file to be executed.
g9-11 Rewinds and copies the load map to the file BUGS
and stores it as an indirect access permanent
file
12-14 Rewinds and copies the output to file TABLES and
stores it as an indirect access permanent file
15-17 Rewinds and copies a debugging file produced by
WRITE statements in the program to a file DBGOUT
and stores it as an indirect access permanent
file
18 Gives the total cost of the job
19-20 Copies the dayfile (which is a record of the sta-

tistics of the run) on the file ERROR and stores
it as an indirect access permanent file.

Once the submit file has been created the job can be submitted
with the commands:

GET,submitfilename

, SUBMIT,submitfilename,NL




4. PROGRAM MAINTENANCE

The GL/SLS LOCK CAPACITY MODEL consists of a mainline pro-
gram which is divided into ten (10) separate modules, and three
(3) separate data files. This section on program maintenance
presents detailed descriptions of the mainline program and the
individual modules. A detailed discussion of the data files can
be found in Section 2.

4.1 Mainline Program

The purpose of the mainline program is to receive the data
files, establish the common blocks, dimension variables not in
the common blocks, to initialize certain variables through the
use of data statements, to order the execution of the modules,
and to control the execution of the GL/SLS LOCK CAPACITY MODEL.
As the program listing (Appendix B) indicates, the mainline pro-
gram begins by defining tape numbers which correspond to the
data files and output files as follows:

TAPE 1 - SO0 DATA FILE
TAPE 2 - WELLAND DATA FILE
TAPE 3 - SLF DATA FILE
TAPE 8 - QUTPUT FILE

TAPE 9 - DEBUG FILE FOR INTERNAL DEBUGGING WRITE STATEMENTS

HELP DEBUG FILE FOR CDC SUPPORTED DEBUG SOFTWARE OUTPUT

)

The program header is followed by the common definitions, the
dimension statements, and the data statements. A 1ist and brief
description of the common blocks can be found in Appendix A. A
list and brief description of the data statements can be found
in Table 4.1.

Following the data statements, the program reads the go/no-
go flag in the first lTock system data file to determine if an
analysis of that lock system is to be run. Once a lock system
has been selected the first module begins execution. The ten (10)
Modules are listed below.
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TABLE 4.1 VARIABLES IN DATA STATEMENTS

ABTEST Any number close to zero (for logical comparisons)
OM(14) Days per period (14 periods per year)
IBMO(14) Hollerith constants containing the names of the
14 periods
LMAX(12) Maximum length of vessels
LMIN(12) Minimum length of vessels
MONRAY (14) Contains, in sequence, the periods to be analyzed

(eg: MONRAY(1) signifies early April, which is
the first period to be analyzed)

NEXPG Carriage control to begin each table on a new page

RHOMAX Maximum lock utilization allowed for all Tlocks
except for the Poe Lock

RHOPOE Maximum lock utilization allowed for the Poe Lock

TIMES(14) Increase in locking time for each period (mainly
for winter months)

k TLOCKM Typical locking time for the MacArthur Lock
F 171 Transit time increase factor which is a function

of the month and increases transit times due to
winter conditions
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1. Run Set Module - The Run Set Module reads the appro-
priate data file, determines the conditions under which the model
is to be run (season extension, locking time variation) assigns
values to working variables in accordance with the specified con-
ditions, and initiates the major do-loops that order the run.

2. Fleet Determination Module - The Fleet Determination
Module determines the required zero - backhaul fleet.

3. Transit Forecast Module - The Transit Forecast ~Module
determines the number of loaded and ballast transits, pleasure
craft lockages, and ice lockages that occur in each operating
period and converts the zero backhaul fleet to the real fleet.

4. Ship Dispatch Module (Soo System Only) - The Ship
Dispatch Module dispatches ships to the separate Soo Locks on the
basis of equal lock utilization or equal waiting time.

5. Lock Cycle Time Module - The Lock Cycle Time Module
determines the mean lock cycle time for a particular lock and
fleet mix.

6. Lock Queueing Module - The Lock Queuing Module deter-
mines the length of the incoming queue and the waiting time for
a particular lock and fleet mix.

7. Economic Module - The Economic Module converts the
average waiting time into the delay cost for each lock and vessel.

8. Cargo Tonnage Module, System Round-Trip and Waiting

Time Module - This module computes the projected cargo flow and

the actual cargo flow for each period and commodity. It also
calculates the time it takes for a vessel to make one round-trip
in the Welland Canal and the St. Lawrence River including time
spent in queues and slowdowns due to weather conditions.

9. Output Module - The Output Module assembles the data
generated by the other modules, assigns the data to working
variables for printout purposes, and produces the output file.

10. Capacity Expansion Module - After the system reaches
capacity this module reads in new data and initializes the appro-
priate variables for the particular capacity expansion measure
that is to be analyzed. The module then returns control back to
the beginning of the yearly loop and resumes execution until
capacity is reached again, whereupon a new measure can be imple-
mented. The program also has the option to halt whenever the
system reaches capacity.
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4.2 The Run Set Module

The purpose of the Run Set Module is to read the appropri-
ate data file, determine the conditions under which the model is
to be run, assign values to working variables in accordance with
the specified conditions, and inititate the major do-loops that
order the run. The first step in the Run Set Module is to CALL
READIN, which reads in the system data and run data. Once the
locking time variation(s), season extension(s), and maximum ship
class are known, the locking times are set in subroutine TLOCMT
and the cargo projections are set in subroutine SESONS.

Input and output data are identical due to the fact that
the Run Set Module is basically a data input model. Table 2.1
contains input/output through the data files.

4.2.1 Subroutine READIN

The purpose of subroutine READIN is to read in data from
the appropriate data file and to initialize necessary working
variables to this data. Run specification variables are read in
first, followed by system, vessel, and lock data. Following the
data read-in, the carrying capacities are modified and assigned
to working variables, and the transit modified and assigned
to working variables, and the transit distribution factors for the
base year are also assigned to working variables. Also the 15
input commodity projections are collapsed into 6 working commod-
ities; ore, coal, stone, grain, other bulk, and general cargo.

The carrying capacity modification allows fine tuning of
the carrying capacities during validation and the same mechanism
can be used for sensitivity analyses. Because only three carrying
capacities are read in for each ship (and there are 6 commodities)
the carrying capacities are assigned under the rule that:

Ccore N Ccstone

CCcoa] B chrain

CCother B cheneral
bulk cargo

The transit distribution factors for the base year valida-
tion represent the percentage of annual transits occurring for any
period for each ship class. Because there are only three values
of TDF read in per period (there are up to 11 classes) TDF is
assigned under the following rule:
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So0 System
TDF, = TDFs
TDFgy = TDF; = TDFg = TDF,
TDFyo = TDFy,
Subrscripts denote vessel class

Welland and St. Lawrence River

TDF, TDFg

TDFs = TDF,
Note: For the Welland and St. Lawrence, class
6 denotes oceans; class 5 denotes class
5 and 6 lakers
Because subroutine READIN only reads in data, input data
and output data are identical. Input/output data for subroutine
READIN is listed in Table 4.2.

4.2.2 Subroutine TLOCMT

The purpose of subroutine TLOCMT is to assign low or high
locking times to the locking time working variable. The working
variable has been previously initialized to the normal locking

time values in subroutine READIN. Input/output data is listed in
Table 4.3.

4.2.3 Subroutine SESONS

The purpose of subroutine SESONS is to assign the correct
season extension cargo potential to the working variable for cargo
potential. Input/output data is listed in Table 4.4.

4.3 The Fleet Determination Module

The purpose of the Fleet Determination Module is to de-
termine the zero - backhaul fleet required to carry the specified
cargo given the system and vessel characteristics. The entire
Fleet Determination Module is contained within subroutine FLEET.
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TABLE 4.2 INPUT AND OQUTPUT: SUBROUTINE READIN

INPUT

Through the Argument List

IS Lock System identifier

ISYST Iteration variable for Tock system

KU Number of different Tocks

IDEBUG Logical variable for debug output
QUTPUT

Through the Argument List

Through Common CALCOM

EXTPT(6,2,80)

HRS(14,4,6)

LU Maximum vessel class
FACTOR Cargo multiplier
! BTF4 Bias traffic factor for validation - early April
| BTF5 Bias traffic factor for validation - late April
BTF13 Bias traffic factor for validation -
early December
BTF14 Bias traffic factor for validation -
late December
i CALFAC System Waiting Time Multiplier (Number of
] non-constraining locks)
CARF Fraction of the major commodity groups (6) that
each of the input cormodities (15) represent
SYSADD Time spent in flight locks
SYSFAC System Lock Cycle Time Multiplier (number of
non-constraining locks)
SYSTIM System round-trip time minus time spent in
locks and queues
TDFCX(5,4) Transit distribution fractions for extended

season grain and general cargo

Extended season cargo potential - grain and
general cargo

Operating hours
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TMLOCK(12,2,4)
VSA(14,12,4)

Through Common MINARY

BASEFT(6,12)
CC(6,12)
DISTN(2,6)
EMPTY(6,12)
FILL(6,12)
FLOAD(6)
P0(80,12)
TDF(12,14)
ZBHF(12)
ADDPCT(6,12)

Through Common PRELIM

[SES(4)
ILTM(3)

Through Common DATI

BTF(14,4)
CAREX1(6,2,80)
DATM(14)
DIN(14,4)
[ZBH(12)
PCRF(14,2)
LYEAR(80)
STDEV(12,2,4)
TLTML2(12,2,4)
TLTML3(12,2,4)
TURNBK(4)

TABLE 4.2 (Continued)

Normal locking time
Vessel speeds of advance

Base year fleet

Carrying capacities

Distance

Unloading rate

Loading rate

Loading factor

Phase out fractions

Transit distribution factors - validation
Ship utilization factor

Fleet mix ship building percentages

Season extension indicator
Locking time indicator

Bias traffic factors

Season extension 1 cargo potential
Operating hours per day per period
Demand indexes

Ship utilization factors

Pleasure craft and ice lockages
Year identifier

Standard deviation

Low locking time

High Tocking time

Turnback time
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TABLE 4.2 (Continued)

XCAP(12) Ship capital cost
XSHIP(12) Ship operating cost
ZB(12) Ship utilization factor

Note: For a more detailed variable description, see Appendix A.




TABLE 4.3 INPUT AND OUTPUT: SUBROUTINE TLOCMT

INPUT

Through the Argument List

Ly Maximum vessel class
IS Lock system identifier
TLTML(12,2,2) Locking time variable that is either TLTML2
or TLTML3
Through Common CALCOM
* TMLOCK(12,2,2) Locking time working variable
QUTPUT

Through Common CALCOM

rMLOCK(12,2,2) Locking time working variable

Note: For a more detailed variable description, see Appendix A.
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TABLE 4.4 INPUT AND OUTPUT: SUBROUTINE SESONS

INPUT

Through the Argument List

ISN
FACTOR
CAREX(6,2,80)

DIN(14,4)

OUTPUT
Through Common CALCOM

CARGOP(6,2,80)
TDIN

Loop index for season extensions
Cargo tonnage multiplier

Cargo tonnage potential input label; is equal
to CAREX1 for season extension 1 and CAREX2 for
season extension 2 ’

Demand indexes per operating period and season
extension

Cargo potential working variable
Total of the input demand indexes
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4.3.1 Subroutine FLEET

Subroutine FLEET calculates the new fleet in 3 steps.

1. Establish the number of round-trips one ship can make
in one year,

2. Update the base year fleet and calculate the annual
transport capacity for the remaining fleet.

3. Add or delete ships until cargo potential = transport
capacity.

Expanded, the steps are performed as follows:

Step 1. Calculate the number of round-trips one ship can
make in one year.

Round Trips

Per Year - TRIPYRi

. = HRSYR./TRIPTM.
dJd 1 1

3 >

for Commodity < and Vessel Class 4,

K
where I sums over the periods in one year
Op:rating K
Hrurs Per = HRSYK. = L HRS. X
Year v L
. WDIST.
Time Per _ - T
Round-Trip~ TRIPTM; ;= DF X(2X gg— +
15d
cc. . FLOAD . CC. . X FLOAD.
a2 1 1yJ ) 4
EMPTY . . FILL. .
154 1,J
TIMELK .
J
K
Mean VSA. . X HRS.
Vessel = vsm, . = L LadaK L.k
Speed 1,d HRSYR .
VSA. . , = Vessel speed of advance
1,9,K
HRSi j = Operating hours per period
3
cc. . + = Carrying capacity
sd

Loading rate
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SMPTY’, = Unloading rate
MDISTi = Round-trip distance
ILusz; = Time spent in locks
FLOAD = Loading factor

Step 2. Update the base year fleet and calculate the annual transport
capacity for the remaining fleet.

Remaining _
Fleet

FLEETR. BASEFT. . x (1 - PO,
1 1,J ;

3 U)K)
Transport

Capacity = SHPCAP.
By Class tad

FLEETR. , X CC, . x TRIFYR. . X FLOAD.
1sd 1,d 1sd d

3 3

Annual
Transport = ANCAPi =
Capacity

[ e TN

SHPCAP . .
s5d

>

for Commodity < and Year X

J
where Y sums over the vessel classes

PO. = Phase out fractions
1,K

BASEFT. . = Base year fleet
1sd

Step 3. Add or deleteshipsuntil cargo potential = transport capacity

Cargo Surplus _ - + _
(or Deficit) CARGONi CARGOPi,K,up CARGOPi,K,dn ANCAPi

for Commodity 7, Vessel Class j, and Year X
where C4ARGOP = Cargo potential

For surplus cargo, ships are added to the fleet by building
percentages according to ship class.

First determine what composite ship (in tons of capacity
by commodity) is to be added:

Composite J
Ship to be = comsaA. = T (ADDPCT. . x TRIPYR.
Added ¢ tsd t

X CC. . X FLOAD.)
Tad 1

3
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where ADDPCTi ; = fleet mix ship building percentage.
Then determine the number of ships to be added and
calculate the new fleet.

i CARGON .
No. of Ships _ i}
to be Added - APPSEF; 5 = Comsma, X APPFCT;

Ll

New fleet = FLEE"'N. . = FLEETR. . + ADDSHP,.
T,d Ty Z

2 ] K]

If CARGON, < O delete ships starting with the
smallest until CARGON = O.

Number of —CARGONi F
« Deleted = DELSHP. .= 2
Ships i,§ CC, ; X TRIPYR; . X FLOAD,

« If DELSHP. . > FLEETR. ., DELSHP. . = FLEETR,
1,d — 1sd 1,d 1sd

E} L] s

. Recalculate CARGONi

CARGON. = CARGON. + DELSHP. . X CC. . X TRIPYR. . X
7 7 1 15J 1sd

k] ] 3

FLOAD.
1

+ Repeat with next larger ship class until CARGON=0.

« Subtract DELSHPi 3 from FLEETR 3 to get the new
>

3

fleet, FLEETN. ..
1s5d

During the process of adding ships, Class 6
vessels are not added for ore, coal, stone, or
grain in the Welland and St. Lawrence because
for these systems a Class 6 vessel denotes an
ocean vessel,

At this point it is appropriate to point out that the new
fleet is a zero-backhaul fleet and to illustrate how the approxi-
mation loop is used to get an accurate actual fleet. This is done
in subroutine TFRCT.

?
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The Real Fleet = SHIPi ; = FLEETNi j X REDFT .

2 3

for Commodity 7 and Vessel Class J

where REDFTi is:

GBALJ.
REDFT ; = .5 % it % GLOAD .
dJd J
where
GBALj = Yearly total ballast transits of class j vessels
GLOADj = Yearly total loaded transits of class ; vessels

The resulting change in the fleet mix may cause a change
in the capacity analysis. To correct this, the correct fleet is
determined in 3 iterations by the IAPPROX loop. Input/Output
data for subroutine FLEET is listed in Tabie 4.5.

4.4 The Transit Forecast Module

The purpose of the Transit Forecast Module is to determine
the number of loaded transits, ballasted transits, pleasure craft
lockages, and ice lockages that occur for each of the 14 periods.
The Transit Forecast Module accomplishes this in four steps.

1. Loaded transits are calculated in subroutine LTRAN

2. Ballast transits are calculated on the basis of ship
utilization (input)

3. Bias traffic is assigned according to the bias traffic
parameters (input)

4. Pleasure craft and ice lockages are included in the
transit demand (input)

The four steps above are performed for each of the 14
operating periods as dictated by a Toop on operating periods at
the beginning of the module. Steps 2, 3, and 4 are performed in
subroutine TFRCT. Input/Qutput data for subroutine TFRCT is
Tisted in Table 4.6.
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TABLE 4.5 INPUT AND OUTPUT: SUBROUTINE FLEET

INPUT

Through the Argument List

INDEXC
IR

ISN

IS

Lu

Through Common MINARY

BASEFT(6,12)
CC(6,12)
DISTN(2,6)
EMPTY(6,12)
FILL(6,12)
FLOAD(6)
PO(80,12)
REDFT(12)

Through Common CALCOM

CARGOP(6,2,80)
HRS(14,4,6)
VSA(14,12,4)

QUTPUT
Through Common MINARY

FLEETN(6,12)
HRSYR(6)
VsM(12,6)

IAPPROX -1

Year indicator

Season extension indicator
Lock system indicator
Maximum ship class

Base year fleet
Carrying capacity
Distance

Unloading rate
Loading rate
Loading factor
Phase out fractions

Fleet reduction factor

Cargo projections
Operating hours per period
Vessel speed of advance

New fleet
Operating hours per year
Mean vessel speed per year




TABLE 4.6 INPUT AND OUTPUT: SUBROUTINE TFRCT
INPUT

BTF4 Bias traffic factor for validation - early
April

BTF5 Bias traffic factor for validation - late
April

BTF13 Bias traffic factor for validation - early
December

BTF14 Bias traffic factor for validation - late
December

BTF(14,4) Non-validation bais traffic factors

CARGOP(6,2,80) Cargo potential for normal fleet

DM(14) Days per operating period

EXTPT(6,2,80) Cargo potenital for extended season grain
and general cargo

PCRF(14) Pleasure craft and ice lockages per period

ZBHF(12) Ship utilization factor

QUTPUT

DLTRN(12,3,14) Daily loaded transits per period I

DBTRN(12,3,14) Daily ballast transits per period (also in-
cludes pleasure craft and ice lockages)




Before the Transit Forecast Module calls subroutine LTRAN
the periods are sequenced in order of execution by the array
MONRAY(14), and the demand indexes (DIN) are converted into abso-
lute demand factors that when totaled over the periods for one
year sum to 1.0 (DFA). At this point subroutine LTRAN is called.
Subroutine LTRAN calculates the cargo transits per period:

Cargo Transits

= m A
Per Period C‘RNR4£

2

which are converted into average daily loaded transits:
1
- CTRNPM,
DLTRNL.) x> DMK

for Commodity < and Vessel Class J
7
where I sums over all commodities

and DMK is the days per operating period for operating period X.

Actual ballast transits range from the maximum of one bal-
last transit for every loaded transit to the minimum possible
ballast transits (loaded transits up - loaded transits down).
Exactly where in this range the number of ballast transits actually
lie is determined by the ship utilization factor factor ZBHF
(previously named the zero-backhaul factor).

When ZBHF = 1.0 there is total ship utilization (minimum ballast
transits)
! .
| When ZBHF = 0.0 there is no ship utilization (maximum ballast

transits)

| Example : calculate ballast transits down

EMPTY = (DLTRN . _ ) - (DLTRN. )
‘ 72X " down 75K 4o
If EMPTY > O
. DBTEN . = [(DLTRN . + EMPTY] x (1 - ZBHF.
(osrzr; ) = Llouasw ) 1 x )
l If EMPTY < O
(DBTRN . K) = [(pLTRN . K) + EMPTY] x (Y - ZBHF.)
' J2% dn 728 down Y
' 4-17




The amount of bias traffic is determined by the bias traf-
fic factors, where:

BTF = 1.0 causes maximum bias

BTF = 0.0 causes no bias

Bias traffic is generated by manipulating the ballast transits for
the desired operating period. If the operating period is an end
of season period (such as late December or January) the bias is
caused by decreasing downbound ballast transits as shown in the
following equation:

Daily
Ballasted = DBTRN
Transits

= DBTRN,, X (1 - BTF)

dn d

If the operating period is a beginning of season period the bias
is caused by increasing the upbound ballast transits as shown in
the following equation:

Daily
Ballasted = DBTRN, . = DBTRN, = X (1 + B7TF)
Transits P P

Two bias factors are used; one for the validation case and
one for projectec conditions (future years and season extension).
For the validation case the bijas traffic factors are BTF4, BTF5,
BTF14, and BTF15. For projected conditions, the array BTF(14,4)
contains the bias traffic factors for the different months and
seasgn extensions.

Pleasure craft and ice lockages are input as the number and
direction of lockages per month and are expressed by the variable
PCRF. Pleasure craft and ice lockages have locking times equal
to the locking times of Class 4 vessels, and are included in the
program and output as "Class 3 Vessels".

4.4.1 Subroutine LTRAN

The purpose of subroutine LTRAN is to calculate the loaded
transits per operating period as a function of cargo potential
(CARGOP), vessel fleet (FLEETN), operating hours (HRS), vessel
speed of advance (VSA), cargo shipping demand (DFA), and extended
season cargo distribution requirements (TDFCX).

Subroutine LTRAN calculates the monthly loaded transits in
four steps.

1. Prohibit certain vessel classes from operating during
the winter months.
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Step 1.

Step 2.

Calculate or assign the portion of total annual
transits that occur in each period.

Calculate the annual Toaded vessel transits of
each class needed to transport the desired cargo.

Calculate the number of loaded transits occurring
in each operating period by class, commodity,
and direction.

Prohibit certain vessel classes from operating during
the winter months.

Because the vessel speed of advance is input
as a function of ship class, operating period and
season extension, any class vessel can be prohibited
from operating during any operating period by set-
ting the vessel speed of advance for that operating
period and season extenison to zero. Although we
have chosen to do this in subroutine LTRAN (it must
be done in subroutine FLEET for consistent results)
the vessel speeds of advance can also be set to
zero in the data files.

Calculate or assign the portion of total annual loaded
transits that occur in each period.

The transits are distributed according to
three methods, depending on whether the validation
case is being run, whether the cargo is to be
carried by a specified ship class in extended
season, or whether the cargo to be carried will be
carried by the normal fleet. If the validation
case is being run, transit distribution factors
(TDF) are assigned according to data gathered from
lock logs and traffic reports. If the cargo is to
be carried by a specified ship class in extended
season (extended season grain and general cargo),
transit distribution factors are assigned through
the array TDFCX({5,4) in such a way as to distribute
the transits evenly over the extended season. All
normal season transits and extended season ore
and coal transits are distributed by calculated
transit distribution factors according to fleet
abilities (VSA), operating conditions (HRS), and
cargo shipping demand (DFA}, as follows:

-



Transit Distribution

1
Factor According to _ ... - HRSs k% /SAJ,K
Fleet Abilities and 1,J,K HRSYRi X VSMi

>

Operating Conditions

For Commodity 7, Vessel Class j, and Operating Period X
X
where I sums up periods over one year

HRSi J = Operating hours per operating period
VSAj x = Vessel speed of advance per period
HRSYRi = Operating hours per year
vsM, ; = Mean vessel speed over the year

3 j
Note that I 1IDFC. = 1.0

1,7,K

Cargo shipping demand is also included in the
calculation of the transit distribution via DFA.
Relative demand indexes (DIN) ranging from 0 - 99
were read from the data files, and internally con-
verted to absolute demand factors (DFA) that sum
to 1.0 when totaled for the year. DFA is incorpor-
ated into the transit distribution factors using
two iterations of the IAPPROX loop as follows:

IAPPROX = 1 (Ist Iteration)

TDFI‘L',J',K = TDFCi,j,K X DFAK
K
w?wr. ., = 1

TDFI
T5d

ENDFAC . 1/TDFT. .
1 Tyd

k]

IAPPROX = 2

(TDFC.

, = (TDFC,
L,J,K) (

. ) X DFA, X
new 159K

old K

ENDFAC .
1

k]

for commodity < and Vessel Class j
i K
where I sums up period over one year
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Step 3.

Step 4.

Calculate the annual loaded vessel transits of each
class needed to transport the desired cargo.

The cargo distribution by class (CDBC) represents
the portion of cargo transported by each class. CDBC
is a function of the new fleet (FLEETN), the number of
round-trips per year (TRIPYR) and the carrying capacity
(cc).

Tons of cargo <

Cargo . .
: . . _ carried by CLASS ;
g;55¥;§:t1on ) CDBci,j Total Tons of cargo j
FLEETN. . X CC. . X TRIPYR. . X FLOAD.
CDBC . . = 7’)47 7’) J 7’.!_;1 1
1yJ (CARGOPi) + (CARGOP.)

up ¥ down

for Vessel Class ¢, Direction 7, and Commodity J

FLEETN, . = New fleet
cc. . = Carrying Capacity
5d
TRIPYRi = Number of round-trips per year
3
CARGOPi ; = Cargo projections
3

The total annual loaded vessel transits are then:
C‘DBCi '.Lx CARGOPi 1
= 3 i1 2
CTRAN, s 1 cC, - X FEOAD

L

Cargo
Transits

Calculate the number of loaded vessel transits ocurring
in each operating period by class, commodity, and
direction.

Loaded vessel transits come from two sources,
one being the normal season cargo and extended
season ore and coal movements and the other being
the extended season grain and general cargo move-
ments. Transits due to the former are calculated
as follows:

Cargo Transits !
Per Operatin = CTRNPM. . = CTRAN. . X TDFC. . ‘
peY"lO(F; 9 70:.7:}(:2 7/“7.’1 15d5K
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where

CTRAN = Cargo transits per year

Transit distribution factor (calculated)

TDFC

for Commodity <, Vessel Class j, Operating Period X, and
Direction .

Input/Output data for subroutine LTRAN is listed in
Table 4.7.

4.5 The Ship Dispatch Module (Soo System Only)

The Ship Dispatch Module is contained within the subroutine
DISPCH. The purpose of the Ship Dispatch Module is to dispatch
the incoming vessel arrivals to the four Soo Locks. Ships are
initially dispatched on the basis of size Timitations (assigning
ships to the smallest lock that the ship will fit into) and later
modified to allow ships that were originally dispatched to the
MacArthur Lock to use the Poe Lock if the MacArthur Lock experi-
ences significantly more traffic than the Poe Lock and the Poe
Lock has not reached its maximum lock utilization. Ships are
shifted from the MacArthur Lock tothe Poe Lock on the basis of
establishing equal waiting times or equal lock utilization at the
two locks.

For the expanded locks, that can occur as a capacity expan-
sion measure, the dispatch logic is essentially the same. Ships
are allocated to the minimum size Tock they can fit through.
Input/Qutput data for subroutine DISPCH is listed in Table 4.8.

Vessels are initially assigned to the Poe and MacArthur
Lock as follows:

POE LOCK MacARTHUR LuuK
Class 11,10,9,8 loaded Class 7,6,5 loaded
Class 11,10,9 ballasted Class 8,7,6,5 ballasted

The effective difference in ship arrivals can then be calculated
by taking the difference in ship arrivals weighted on locking
times.

Class j
Effective = ARTPOE = ARTCL X TLOCKM - POECL X TLOCKP
Difference TLOCKM + TLOCKP
4-22
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TABLE 4.7 INPUT AND OUTPUT: SUBROUTINE LTRAN

INPUT

Through the Argument List

IR Year identifier

ISN Season extension identifier
IS Lock system identifier
INDEXC IAPPROX - 1

Through Common CALCOM

CARGOP(6,2,80) Cargo potential for the new fleet
HRS(14,4,6) Operating hours per period
VSA(14,12,6) Vessel speeds of advance

Through Common MINARY

cc{6,12) Carrying capacities
DFA(14,4) Absolute demand fractions
FLEETN(6,12) New fleet
FLOAD(6) Loading factor
HRSYR(6) Operating hours per year
TDF(12,6) Transit distribution factors - validation case
VSM(12,6) Mean vessel speeds for the year
QUTPUT

Through Common CALCOM

CTRNPM(6,12,2) Cargo transits per period
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TABLE 4.8 INPUT AND OUTPUT: SUBROUTINE DISPCH

INPUT

Through the Argument List

MN
IS
L
ISW

RHOPOE
JCT

DATM(14)

Through Common QUECOM

DLTRN(12,3,14)
DBTRN(12,3,14)

Through Common Q

RHO(2,1)

OUTPUT
Through Common Q

ARTAR(12,2)
POEAR(12,2)
SABAR(12,2)
DAVAR(12,2)

Month
Lock system
Ship class

Flag for desired dispatch criteria:
1 = equal waiting * .e lasis
0 = equal lock utilizatian basis

Maximum Tock utilization for the Poe

Counter for number of iterations used to
dispatch ships according to one of the two
dispatch criteria

Operating hours available per day per
operating season

Daily loaded transits
Daily ballasted transits

Lock utilization in downbound direction for
the Poe Lock

Arrivals at the MacArthur Lock

Arrivals at the Poe Lock

Arrivals at the Sabin and Davis Locks
Arrivals at the new Davis Lock (larger lock)




L N

where
ARTCL = MacArthur class arrivals
TLOCKM = Typical lock cycle time for the MacArthur
Lock
POECL = Poe class arrivals %
TLOCKP = Typical lock cycle time for the Poe Lock

I[f the MacArthur Lock is experiencing a large number of "effective"
arrivals, MacArthur class ships are shifted over to the Poe accord-
ing to the replacement fraction.

Replacement _ . ARTPOE
Fraction RMPCL ARTCL

Then, additional Poe arrivals are:

Additional
Poe Arrivals

= POEAR = DLTRIVJ. X RPMCL
where

DLTRNj = Daily loaded transits
with 7 varying from Class 5 to Class 7.
The MacArthur Lock now sees fewer arrivals.

' MacArthur
Arrivals

= ARTAR = DLTRIVJ. x {1 - RPMCL)

with j varying from Class 5 to Class 7.

' To dispatch ships according to either the equal waiting
time basis or the equal lock utilization basis the Lock Cycle Time
' Module and the Queuing Module must be run to calculate the waiting

time and the lock utilization. If equal waiting time is desired !
and the waiting time at the Poe Lock is greater than the waiting
time at the MacArthur Lock, the replacement fraction RPMCL is
decreased and the waiting time is recalculated with the new dis-
tribution of ships between the two locks. If equal Tock utiliza-
tion is desired TLOCKP and TLOCKM are updated to the actual values
l calculated in the Lock Cycle Time Module and the Dispatch Module
- is executed again.
’

aaDh

4-25




- - . MR

Tocks the dispatch of ships is only slightly different. The
program is only capable of doing equal lock utilization basis
dispatching when larger locks are built.

assigned as follows:

If Class 12 size locks are built, ships are allocated as follows:

where

Now, if the capacity expansion measure calls for larger

If a vessel Class 11 size lock is built vessels are

Sabin Lock

Class 4 loaded
Classes 4-8 ballast

MacArthur Lock

Classes 5-7 loaded
Poe Lock

Classes 8-10 loaded
Classes 9-10 ballast

New Davis iock (1350 x 115)

Poe Lock

Class 11 Toaded and ballast

MacArthur Lock

Class 4-7 loaded and ballast

Classes 8-10 loaded and ballast
Sabin-Davis Lock (1460 x 145)

Effective arrival differences are calculated similar to above:

Classes 11-12 loaded and ballast

(CLi X TLOCKMi) - (CLi+] X TLOCKMi+1)
TLOCKM. + TLOCKM.
i 1+]

Effective
Difference

= ARDIF ., =
(A

L, = Ship arrivals, indexed by lock.
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For Class 11 Lock

1 Sabin Lock

2 MacArthur Lock

3 Poe Lock

= 4 New Davis Lock 1350 x 115

T SRR L

For Class 12 Lock

1 deleted
2,3 same as above
4 Sabin-Davis Lock 1460 x 145

o
w n u

and
TLOCKMi = Typical lock cycle time, indexed same as above

When done this way, lock utilizations are equalized between all
pairs of locks.
ARDIF .

(3

CL.
T

Replacement
Fractions

= RPLCL. =
A

If the replacement fractions become greater than 0.005, ships are
reallocated to the next larger lock until the lock utilizations
are equal.

4.6 The Lock Cycle Time Module

The Lock Cycle Time Module is contained in subroutine
CYCLTM. Input/Output variables appear in Table 4.9. The purpose
of the Lock Cycle Time Module is to calculate the mean lock cycle
time, the variance in the lock cycle time, and the lock utiliza-
tion for each lock and fleet mix. The lock utilization calcula-
tions for the expanded locks (Classes 11 and 12) are presently
contained in subroutine DISPCH. Before the lock cycle time is
calculated, the ship arrivals are assigned to working variables,
the arrival rate is determined, and the mean locking time for
each direction is calculated.

The working variable for ship arrivals is SOOAR. SOOAR is
defined as follows for the three lock systems:

For the Welland and St. Lawrence:
. 7. = . + .
SOOARz,b,K DLTRNJ’K DBTRNJ,K

where ¢ includes both the constraining and the non-con-
straining lock.
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TABLE 4.9

INPUT
Through Argument List

ROHMAX
RHOPOE

Tnrough Common CALCOM
TMLOCK(12,2,4)
Through Common DAT1

DATM(14)
STDEV(12,2,4)
TURNBK(4)

Through Common QUECOM

DBTRN(12,3,14)
DLTRN(12,3,14)

Through Common Q

ARTAR(12,2)
POEAR(12,2)
SABAR(12,2)
TIMES(14)

QUTPUT
Through Common Q

CUTF(3,2)
RAMDA(3,2)
RHO(3,2)
TMCYCL(3,2)
SDEV(3,2)

INPUT

AND OUTPUT: SUBROUTINE CYCLTM

Maximum lock utilization
Maximum lock utilization for the Poe Lock

Locking times for individual vessels

Operating hours per day
Locking time standard deviation
Turnback time for the lock

Daily ballast transits
Daily loaded transits

MacArthur Lock arrivals

Poe Lock arrivals

Sabin and Davis Lock arrivals

Percentage increase in locking time due to ice

Transit cut-off factor for capacity conditions
Vessel arrival rate

Lock utilization
Mean Tlock cycle time
Standard deviation of the mean lock cycle time




For the Soo Locks:

z = D , =

JOOARi,j,X “OEARK,j 1 Poe

SO0AR . . = ARTAR., . 7 = MacArthur
154,X KyJ

SO0AR. . ., = SABAR, . 7 = Sabin and Davis
"J"‘{ K’J

The mean vessel arrival rate is defined as:

DLTLOCKi

= e Lad
RAMDA DATH, X 60
where

K
DTLOCK = T SOOAR. .
1,0.K
X

% sums over the vessel classes
for Lock 7, Direction j, and Operating Period [.

The mean one-way lock cycle time is the sum of the locking
time for each individual class multiplied by the fraction of
transits that each particular cliass accounts for.

K SOOAR, . ,
TMEAN, = ) (-b——:-flL—TLOCKi . X TMLOCKiJJ., x ¥ TIMESZ)

>

Similarly, the locking time variance is:

K SOORAR. . . K SOOAR, ;
= - T + v
AVGVAR = L (gromg = x STEDV, ) (S7rocx
1,5d 7,
- 2
X (TMLOC}(?:’J., K TMEANi’ ‘. Z() )

The mean lock cycle time (TMCYCL) is a solution to several
simultaneocus equations, the combination of which appears in the
Lock Cycle Time Module. The mean lock cycle time has as its max-
imum value the Heavy Balanced Lock Cycle Time, defined as:

HBLCT = (TMEA[V)up + (TMEAN) down

If the mean lock cycle time becomes greater than the heavy bal-

anced lock cycle time, the mean lock cycle time is reassigned as
the heavy balanced lock cycle time.
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The maximum number of transits per day that the lock can
handle with the same fleet mix can then be defined as:

_ RHOCAP x 60 x DATM
CAPCTY = HELCT

Lock utilization for each lock and direction is:

RHO. . = RAMDA.
T,J 7

2>

. X TMCYCL .
J T

P 3

for Lock 7 and Direction j
where
TMCYCL = Mean Tock cycle time.

If the Tock utilization for the Sabin becomes greater than 0.7,
the Davis Lock is brought into operation. Both locks are assumed
to function identically and spiit the transit demand equally.

If the maximum lock utilization is reached, the transit
demand cannct be met and some ships are denied the opportunity to
transit the Jocks. The number of ships that can transit the locks
is determined by the cut-off factor:

Cut-0ff _ _ RHOCAP
Factor - Vi, 7 RHC,

3
for Lock < and Direction j.

Lock cycle time variance is defined as:

Lock Cycle
Time Varianceup

(VARTM.) = (AVGVAR.)
1 up 7 up
+2x (Y - (rHO.Y )? + (RHO.)?
¥ dn v dn
X (AVGVARi)
dn

Lock Cycle

Time Variance = (VARTM,) = (AVGVAR,)

dn dn

+2x (1 - (RHOi) )2+ (4VGVAR.)
up v up

x (RHO.)?
1 up




< —

4.7 The Queuing Module

The Queuing Module is contained in subroutine QUEMOD.
Input/Qutput variables appear in Table 4.10. The purpose of the
Queuing Module is to determine the mean vessel waiting time and
the mean queue length for each lock system and direction of
travel. The Queuing Module also calculates the time spent in
gueues in one complete transit of the lock system (for the Welland
and St. Lawrence), and truncates transits when maximum lock utili-
zation is reached.

Mean vessel waitirg time and mean queue length are calcu-
lated as follows:

L. . L2 ™. . + RHO.
Waiting _ oo _ RAMDALJJ X VAR ML,J rQOLLJ
Time 1,d,0 2 x RAMDA. . x (1 - RHO. .)

1sd 154
Queue _ -
= .., =W . .
Length QUEz,J,Z TQMk,J,Z X RAMDAL,J

for Lock 7, Direction j, and Operating Period Z.

For the Welland and St. Lawrence Systems the waiting time
and length of queue for the non-constraining lock is multiplied
by the number of non-constraining locks in the system. For all
systems, the transits are cut off in the event that the locks
reach capacity except for the non-constraining locks in the
Welland and St. Lawrence Lock Systems.

QUE. . = QUE. . x CALFAC

1,d . 1,
Total Waiting
Time Per = WTgM. . = WTQM. . X CALFAC
Direction tsd tsd
Actual - - ™
Transits ~ 9VVAR; ; g T SOOAR; Sy X CUTE,

where CALFAC - number of non-constraining locks
J
Z sums both directions

for Lock 7, Vessel Class ¥, and Operating Period 1.
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TABLE 4.10 INPUT AND OUTPUT: SUBROUTINE QUEMOD

INPUT |
Through Argument List

CALFAC Number of non-constraining locks (Welland
and St. Lawrence)

Through Common Q

CUTF Transit cut-off factor

RAMDA(4,2) Vessel arrival rate

RHO(4,2) Lock utilization

S00AR(4,12,2) Vessel transit demand

VARTM(4,2) Lock cycle time variance
QUTPUT

Through Common QUECOM

QUE(4,2,14) Mean queue length
WTQM(4,2,14) Mean vessel waiting time i

Through Commaon Q

S00AR(4,12,2) Actual vessel transits




gt/ x it |

4.8 The Economic Module

The purpose of the Economic Module is to compute the delay
cost experienced by each lock and vessel class based on the ship
costs and the waiting time. Input/Output variables appear in
Table 4.11. The delay cost is the product of waiting time and
ship cost per hour, summed for both directions of travel.

J

TDLST. = T WTQM. ., X SCOST. X SOOAR. .
1,K,1 QML,J,Z J 1,9,5K

for Lock 7, Vessel Class X, Operating Period 7, and
for Commodity Z, and Direction j.

4.9 Cargo Tonnage, System Round-Trip, and
Waiting Time Module

This module is contained in subroutine CARTON. Input/Qut-
put variables appear in Table 4.12. The purpose of the Cargo
Tonnage Section is to compute the projected cargo flow and the
actual cargo flow for each operating period and commodity.

The purpose of the System Round-Trip and Waiting Time
Section is to calculate the time it takes for a vessel to make
one round-trip in the Welland Canal or the St. Lawrence River
including time spent in queues and slowdowns due to weather (ice)
conditions. The system round-trip and waiting time is the sum of
the time spent in upbound locks and queues, the time spent in
downbound queues and locks, and the time spent between Tocks and
gqueues. The time spent between locks and queues is multiplied by
a transit time increase factor as a function of month that in-
creases transit times due to winter conditions.

Actual Cargo J K
Per Operating = c4GocL. .= ¢ I
Period vsd

(cTRNPM.

25,60 % ¢

k]

X CUTFK)

Projected
Cargo Per
Operating
Period

J X
= PCARGi = L L CTRNPM,

. X CcC. .
5L 1,J,K,1 TyJ

for Commodity <, Vessel Class j, Direction X, and Operating
Period 1

;
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TABLE 4.11

INPUT

SCOST(11)
SC0AR(3,11,2)
WTZM(3,2,14)

QUTPUT*
TDCST(14,11,3)

INPUT AND OQUTPUT: ECONOMIC MODULE

Ship cost
Actual transits
Waiting time per Tock or series of locks

Daily delay cost per lock, vessel,
class, and operating period

* Has been suppressed for this project.
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TABLE 4.12 INPUT AND OUTPUT: SUBROUTINE CARTON

INPUT

Through Argument List

SYSADD Time spent in flight locks
SYSFAC Number of non-constraining locks
SYSTIM Time spent in transit between locks and

queues per round-trip - Welland and
St. Lawrence

Through Common CALCOM

CTRNPM(6,12,2) Cargo transits per operating period
Through Common MINARY |

cC(6,12) Carrying capacities
Through Common QUECOM

WTQM(4,2,14) Mean waiting time

Through Common Q

L TMCYCL(4,2) Mean lock cycle time
TTI Transit time increase
CUTF(4,2) Transit cut-off factor
QUTPUT

Through Common PRJCOM

PCARG(3,15,6) Projected cargo tonnage
Through Common CARGCM

CAGOCM(6,14) Actual cargo tonnage
Through Common QUECOM

ISYSTM(14) System round-trip and waiting time per
operating period
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where

cec
CTRNPM
CUTF

Time Spent
in Upbound
Locks and
Queues

= SYSTUP

x (TMCYCLE )

Time Spent
in Downbound
Locks and
Queues

X (TMCYCLEdn)

+ (wmqu)

Time Spent _
in Transit = SYoTEM
System R.T.
and W.T.

= SYSTDN = (mMcyczdn)

Carrying capacities
Cargo transits per operating period
Transit cut-off factor

= (TMCYCL ) + SYSFAC

P constr,

u + SYSADD
P non-constr.

+ SYSFAC
constr.

+ (WTgM

non-constr. dn

+ SYSADD
non-constr.

= SYSTM x TTI

= ISYSTM = SYSTUP + SYSTDN + SYSTM

4.10 The Output Module

constr.

The controllirg statements of the Output Module are in

subroutine QUTMOD.

The purpose of the Qutput Module is to gather

the information generated by the lock capacity analyses and to

print the information in tabuiar form.

The output appears in

seven routines and two tables printed within the module in the

following order:

Projected Cargo

Fleet Mix

Vessel Characteristics
Yearly Transits

Daily Transit Demand
Actual Transits
Queuing Information
Actual Cargo Flow

(Subroutine PROJCR)
(Subroutine MIX)

(Subroutine VESCHR)
(Subroutine QUTMOD)
(Subroutine QUTMOD)
{Subroutine ACTRAN and ACTRN2)
(Subroutine QUETAB)
(Subrautine ACCARG)
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The subroutines themselves call subroutine HEADER, which
prints the header describing each particular run at the top of
each new page. Subroutine QUEUE prints the appropriate table
headings for the queuing information table depending on the lock
system being run. Each subroutine and table-printing section as-
signs the old working variables to new variables conveniently
dimensioned for printing. Neither the yearly transit information
and the daily transit demand tables are printed in subroutines,
and a list of input and output for the yearly transit table and
the daily transit demand table appear in Table 4.13 and Table 4.14
respectively.

4.10.1 Subroutine HEADER

The purpose of subroutine HEADER is to print the header
describing each particular run in terms of year, season extension,
locking time range, and fleet response. Subroutine HEADER also
contains the carriage controls, date, and page numbers. Input/
Output variables appear in Table 4.15.

4.10.2 Subroutine PROJCR t

The purpose of subroutine PROJCR is to print the projected !
cargo tonnage by commodity, operating period, and direction through
the locks. Input/Output variables appear in Table 4.16.

4.10.3 Subroutine MIX

The purpose of subroutine MIX is to print out the actual
fleet mix by vessel class and commodity. Input/Qutput variables
appear in Table 4.17.

1 4.10.4 Subroutine VESCHR

The purpose of subroutine VESCHR is to print out the vessel
characteristics including vessel utilization, locking times, and
cost per hour. Input/Output variables appear in Table 4.18.

4.10.5 Subroutines ACTRAN and ACTRNZ

The purpose of subroutines ACTRAN and ACTRN2 is to print
out the actual transits by operating period, lock, vessel class,
and direction through the locks. Subroutine ACTRAN is called for
the Soo Lock System and subroutine ACTRNZ is called for the Welland
and St. Lawrence Systems. Input/Output variables appear in Table
4.19. .
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TABLE 4.13 INPUT AND OUTPUT FOR THE YEARLY TRANSIT TABLE

INPUT
DLTRN(12,3,14)

DBTRN(12,3,14)

DM(14)
ICTRNP(6,12,2)

QuUTPUT
ICTRNP(6,12,2)

ITOTC(2,6)
ILTR(3,12)

ITOT(3,3)

Average daily loaded transits by vessel
class and direction

Average daily ballast transits by vessel
class and direction

Days per operating period

Cargo transits per operating year by
commodity, vessel class, and direction

Cargo transits per operating year by
commodity, vessel class, and direction

Cargo transits per operating year by
direction and commodity

Cargo transits per operating year by
direction and vessel class

Total annual vessel transits by direction




TABLE 4.14 INPUT AND OUTPUT FOR THE DAILY TRANSIT DEMAND
TABLE

INPUT

DLTRN(12,3,14) Average daily loaded transits by vessel |
class and direction

DBTRN(12,3,14) Average daily ballast transits by vessel
class and direction

IBMO(14) Hollerith field containing the names of
the 14 operating periods

QUTPUT
IBMO(14) Names of the 14 operating periods
TOTDB(3,14) Average daily ballast transits by direc-
tion
TOTDL(3,14) Average daily loaded transits by direc-
tion
TOTDT(3,14) Average daily total transits by direction

DLTRN(12,3,14) Average daily loaded transits by vessel
class and direction

DBTRN(12,3,14) Average daily ballast transits by vess.:
class and direction

DT(12,3,14) Average daily total transits by vessel
class and direction
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TABLE 4.15 [INPUT AND OUTPUT: SUBROUTINE HEADER

INPUT

Through the Argument List

IS Loop index on lock systems

INUMB Page number

IR Loop index for years

ISN Loop index for season extensions
ILTML Loop index for locking time ranges

Through Common HEDCOM

IBMO(14) Hollerith fields containing operating period
names
IYR(8) Constants representing the years 1976-2040
QUTPUT
IYR(80) Constants representing the years 1976-2040
; ISN Loop index for season extensions _
4 ILT(3) Hollerith field containing locking time

range titles
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TABLE 4.16 INPUT AND QUTPUT: SUBROUTINE PROJCR

INPUT

Through the Argument List

CARF(3,15,80)
IS

INUMB

IR

ISN

ILTML

Through Common HEDCOM
IBMO(14)

Through Common PRJCOM
IPCARG(3,15,6)
PCARG(3,15,6)

OuTPUT
IBMO(14)
IPCARG(3,15,6)

IPCTOT(3,15)

Internal commodity forecast working variable
Loop index for lock system

Page number

Loop index for year

Loop index for season extension

Loop index for locking time ranges

Hollerith field containing operating period
names

Projected cargo tonnage flow per operating
period and commodity

IPCARG in real mode

Hollerith field containing operating period
names

Projected cargo tonnage flow per operating
period and commodity

Projected cargo tonnage flow per operating
period

iz
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TABLE 4.17 INPUT AND OQUTPUT: SUBROUTINE MIX

InpuT
LU Largest vessel class designation per
system
IS Loop index for lock systems
INUMB Page number
IR Loop index for years
ISN Loop index for season extensijons
ILTML Loop index for locking time ranges
SHIP(12,6) Actual fleet by vessel class and commodity
QUTPUT
SHIP(12,6) Actual fleet by vessel class and commodity
TSHIP(6) Actual fleet by commodity
TSHIPS(12) Actual fleet by vessel class
TTSHIP Number of ships in the actual fleet
IPCT(6,12) Shipbuilding percentage by commodity and
class
ASHIP Composite ship class by commodity
ATSHIP Overall fleet composite ship class
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TABLE 4.18 INPUT AND QUTPUT: SUBROUTINE VESCHR

INPUT }l
Through the Argument List

IS Loop index for lock systems

LU Largest vessel class designation per system

LMIN(11) Minimum vessel length per vessel class

LMAX(11) Maximum vessel length per vessel class

Through Common CLACOM

TMLOCK(12,2,4) Locking time per vessel class, direction,
and lock

Through Common MINARY

CC(6,12) Carrying capacities by commodity and vessel class
ZBHF{12) Ship utilization factor by vessel class

Through Common DATI

XCAP(12) Vessel capital cost/hour per vessel class
‘ XSHIP(12) Vessel operating cost/hour per vessel class
QUTPUT
l LMIN(12) Minimum vessel length per vessel class
LMAX(12) Maximum vessel length per vessel class
' VSM(12,6) Mean annual vessel speed per vessel class
and commodity
l ICCC Carrying capacities
IZBH(12) Ship utilization factor x 100
ITMLK] Locking time up
' ITMLK?2 Locking time down
IXSHIP Vessel operating cost/hour
' IXXCAP Vessel capital cost/hour
CAPINC(12) Capacity increase with draft
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TABLE 4.19

INPUT

INPUT AND OUTPUT:

SUBROUTINES ACTRAN AND ACTRN2

Through the Argument List

Lu

IS
INUMB
IR
ISN
ILTML

Through Common HEDCOM
IBMO(14)

Through Common CARGCM
SOR(12,12,14)

QUTPUT
IBMO(14)

SOR(12,12,14)
SORTOT(24)

Largest vessel class designation per
system

Loop index for lock systems

Page number

Loop index for years

Loop index for season extensions
Loop index for locking time ranges

Hollerith field containing owerating
period names

Number of daily lock arrivals

Hollerith field containing operating
period names

Number of daily lock arrivals
Total daily lock arrivals
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4.10.6 Subroutine QUETAB

The purpose of subroutine QUETAB is to print out the queu-
ing and locking time information by lock and operating period.
Subroutine QUETAB calls subroutine QUEUE which prints out the
appropriate table headings depending on the lock system. Input/
Qutput variables appear in Table 4.20.

4.10.7° Subroutine QUEUE

The purpose of subroutine QUEUE is to print the appropriate
headings for the queuing information depending on the lock system.
Input/Qutput variables appear in Table 4.21.

4.10.8 Subroutine ACCARG

The purpose of subroutine ACCARG is to print the actual
cargo tonnage that has transited the locks by operating period and
commodity. Input/Output variables appear in Table 4.22.
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INPUT

IS
INUMB
IR
ISN
ILTML
LU

Through Common HEDCOM
IBMO(14)

IYR(80)
Through Common CALCOM
HRS(14,4,6)
Through Common Quecom

IRHO(4,14)
ISDEV(4,2,14)
ISYSTM(14)
ITMCYC(4,2,14)
QUE(4,2,14)

] WTQM(4,2,14)

QUTPUT
1BMO(14)

IHRS(14)
ITMCYC(4,2,14)
ISDEV(4,2,14)
WTQM(4,2,14)
QUE(4,2,14)
IRHO(4,14)
ISYSTM(14)

TABLE 4.20 [INPUT AND OUTPUT: SUBROUTINE QUETAB

Through the Argument List

Loop index for lock systems

Page number

Loop index for years

Loop index for season extensions
Loop index ‘for locking time ranges

Largest vessel class designation per system

Hollerith field containing operating period

names

Constants representing the years 1978-2050

Operating hours per operating season

Lock utilization

Lock cycle time standard deviation
System round-trip and waiting time
Lock cycle time

Queue length

Waiting time

Hollerith fields containing operating
period names

Operating hours per operating period
Lock cycle time

Lock cycle time standard deviation
Waiting time

Queue length

Lock utilization

System round-trip and waiting time
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TABLE 4.21 INPUT AND OUTPUT: SUBROUTINE QUEUE
INPUT b
IKNT1 Internal couting index

QUTPUT
-TABLE HEADINGS-
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TABLE 4.22 INPUT AND QUTPUT: SUBROUTINE ACCARG

INPUT
Through the Argument List

CARF(3,15,80) Internal commodity forecast working variable
Through Common CARGCM

CARGOCM(6,14) Actual cargo tonnage flow by commodity and
operating period

Through Common PRJCOM
IPCARG(3,15,15) Projected cargo tonnage flow

QUTPUT
ICAG(15) Hollerith field containing commodity names
ICAGO(15,14) Actual cargo tonnage transported by commodity
and operating period
ITFLOW(15) Actual cargo tonnage transported by commodity
s ICFLOW(15) Actual cargo tonnage transported by operating

period

p—
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APPENDIX A
PROGRAM VARIABLES
A brief description of all the variables that appear in
the common statements (common statements appear alphabetically)

followed by variables that appear in the modules but are not
present in the common statements.

COMMON CALCOM

CARGOP(6,2,80) Cargo tonnage potential to be
carried by the calculated fleet
by commodity, direction, and year

CTRAN(6,12,4) Cargo transits per year by commod-
ity, vessel class, and direction

CTRNPM(6,12,2) Cargo transits per operating
period, commodity, vessel class,
and direction

EXTPT(6,2,80) Grain and general cargo tonnage
potential shipped in the extended
season

HRS(14,4,6) Operating hours per period, season

extension, and commodity

TMLOCK(12,2,4) Locking time by vessel class,
direction, and lock

VSA(14,12,4) Vessel speed of advance per oper-

ating period, vessel class, and
season extension

COMMON_CARGCM é

CAGOCM(6,14) Actual cargo tonnage processed per
operating period and commodity

SOR(12,12,14) Daily transit demand output var-
iable by operating period and
vessel class

A-2




COMMON_COMMOD

Commodity projections input data

AIRORE(80,3)
ALMSTN(80,3)
AMIN(80,3)

BLYRYE(80,3)
CEMENT(80,3)
COAL(80,3)

CORN(80,3)

DRYBLK(80,3)
GENCAR(80,3)
0ILSD(80,3)
PETROL(80,3)
RAWMAT (80,3)
S0Y(80,3)

STLPRD(80,3)
WHEAT(80,3)

Iron ore

Limestone
Non-metalic minerals
Barley and rye
Cement

Coal (also internal classification)
Corn

Dry bulk

General cargo
0ilseeds

Petroleum products
Raw materials
Soybeans

Steel products
Wheat

Internal Commodity Classifications

BULK(80,3)
GENCAR(80,3)
GRAIN(80,3)
ORE(80,3)

STONE(80,3)

Bulk

General cargo
Grain

Ore

Stone




COMMON DAT1
BTF(14,4)

CAREX1(6,2,80)

CAREX2(6,2,80)

DATM(14)
DIN(14,4)
GBAL(12)
GLOAD(12)
1ZBH(12)

LYEAR(80)
PCRF(14,2)

SCOST(12)

STDEV(12,2,4)

TLTMLz(12,2,4)
TLML3(12,2,4)

TURNBK(4)

Bias traffic factor by operating
period and season extension

Cargo tonnage potential to be
carried by the calculated fleet
during season extension 1 by com-
modity direction and year

Identical to CAREX1 above except
for season extension 2 instead of
extension 1

Operating hours available per day
per operating season

Demand indexes per operating per-
iod and season extension

Total annual ballasted transits
per vessel class

Total annual loaded transits per
vessel class

Ship utiljzation factor x 100
(integer)

Year index

Pleasure craft and ice lockages
per operating period and direction

Ship capital + operating costs per
hour and vessel class

Standard deviation in locking times
by vessel class, direction, and
Tock

Low locking times per vessel class,
direction, and lock

High locking times per vessel
class, direction, and lock

Turnback time per lock

[
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XCAP(12)

XSHIP(12)

ZB(12)

COMMON HEDCOM

IBMO(14)

IYR(80)

COMMON MINARY

ADDPCT(6,12)

BASEFT(6,12)
CAPINC(12)

CC(6,12)
DFA(14,4)
DISTN(2,6)
EMPTY(6,12)
FILL(6,12)
FLEETN(6,12)
FLOAD(6)

HRSYR(6)

Ship capital costs per hour by
vessel class

Ship operating costs per hour by
vessel class

Ship utilization factors by vessel
class

Hollerith fields containing the
names of the 14 operating periods

Constants representing the sequen-
tial years (1978-2050)

Shipbuilding percentages by com-
modity and vessel class

Base fleet

Ship capacity increase with in-
crease in depth

Carrying capacities by commodity
and vessel class

Absolute demand factors per period
and season extension

Mean distance between ports by
direction and vessel class

Unloadipg rate in short tons per
hour by commodity and vessel class

Loading rate in short tons per
hour by commodity and vessel class

New zero-backhaul fleet by com-
modity and vessel class

Loading factor to account for
broken stowage per commodity

Operating hours per year per com-
modity
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PO(80,12) Phase out fractions per year and
vessel class

REDFT(12) Fleet reduction factor to convert
the zero-backhaul new fleet into
the actual fleet

TDF(12,14) Transit distribution factors for
the validation year by vessel class
and operating period

TRIPYR(6,12) Number of round-trips a single ship
can make in one operating year by
commodity and vessel class

VSM(12,6) Mean vessel speed per vessel class
and commodity

WDIST(6) Mean distance between major commod-
ity ports, both directions, by
commodity

ZBHF(12) Ship utilization factors by vessel
class

COMMON PRELIM

F ISES(4) Season extension flags
ILTM(3) _ Locking time range flags
COMMON PRJCOM

IPCARGO(3,15,15) Projected cargo tonnage flow per
operating period and commodity in
integer format

? PCARG(3,15,6) Projected cargo tonnage (IPCARG)
i in real format
F COMMON_( ;
Iy
ARTAR(12,2) Number of ships that are arriving 1
at the MacArthur Lock per day by
vessel class and direction é
ARTCL(2) Number of ships that can be assign-

,

ed to the MacArthur Lock per day
by direction




pr—v

ARTPOE(2)

AVGVAR(4,2)
CAPCTY(4,2)

CUTF(3,2)

DTLOCK(3,2)

LMAX(12)
LMIN(12)
MONRAY(14)

POEAR(12,2)

POECL(2)
RAMDA(4,2)
RHO(4,2)

RPMCL(2)

.70 (12,2)

SDEV(4,2)

Effective difference in daily ship
arrivals between the Poe and
MacArthur Locks

Locking time variance

Maximum number of daily transits
possible before maximum lock utili-
zation is reached by lock and
direction

Portion of transits that are pro-
cessed if capacity is reached by
lock and direction

Total number of daily arrivals by
lock and direction

Maximum vessel length per class
Minimum vessel length per class

Array containing the order operat-
ing periods are analyzed

Number of ships that do arrive at
the Poe Lock per day by vessel class
and direction

Number of ship arrivals that fit
through the Poe Lock only per day

Vessel arrival rate be lock and
direction

Lock utilization by lock and
direction

Replacement fraction in ship dis-

patch module for transfer of ships
from the MacArthur Lock to the Poe
Lock by direction

Number of daily arrivals to the
Sabin and Davis Locks by vessel
class and direction

Locking time standard deviation by
lock and direction




SHIP(12,6)

S00AR(4,12,2)

TBAL(14,12)

TBALT(12)

TDCST(4,12)

TIMES(14)

TLOAD(14,12)

TLOADT(12)

TLOCKM(4,2)

TMCYCL(4,2)

TMEAN(4,2)

TTI(14)

VARTM(4,2)

VARTNB
YESTRN

Actual fleet by vessel class and
commodity

Daily vessel arrivals per lock by
vessel class and direction

Number of ballast transits per day
by operating period and vessel class

Total annual ballast transits per
vessel class

Daily delay cost per lock and
vessel class

Locking time increase per operating
period due to winter

Number of loaded transits per day
by operating period and vessel class

Total annual loaded transits per
vessel class

Typical locking time for each of
the Soo Locks by direction

Mean lock cycle time by lock and
direction

Mean one-way locking time by lock
and direction

Transit time increase by operating
period due to winter

Variance of mean lock cycle time
by lock and direction

Variance in the Tock turnback time
Logical variable indicating if

transits occurred in each operating
period

A-8

ks




COMMON QUECOM

CAGOCL(6,12)

DBTRN(12,3,14)

DLTRN(12,3,14)

DM(14)
07T(12,3,14)

ICTRNP(6,12,2)

IDBTRN(12,3)

IDLTRN(12,3)

[HRS(14)

ILTR(3,12)

IRHO(4,14)

ISDEV(4,2,14)

[SYSTM(14)

ITLTR(3,12)

Cargo carried per vessel class and
commodity per operating period

Average daily ballast transits by
vessel class, direction and oper-
ating period

Average daily loaded transits by
vessel class, direction, and oper-
ating period

Days per month

Average daily loaded +ballast tran-
sits by vessel class, direction,
and operating period

Cargo transits per operating year
by commodity, vessel class, and
direction

Total ballasted transits per
operating period year by vessel
class and direction

Total loaded transits per oper-
ating year by vessel class and
direction

Maximum operating hours per oper-
ating season

Cargo transits per operating period
by direction and vessel class

Lock utilization x 100 by lock and
operating period

Lock cycle time standard deviation
by lock, directicn, and operating
period

System round-trip and waiting time
for the Welland and St. Lawrence
operating period

Total annual vessel transits by
direction and vessel class
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ITMCST(15,12,4) Delay cost per operating period by
vessel class and iock

1TMCYC(4,2,14) Mean lock cycle time by lock, di-
rection, and operating period

ITOT(3,3) Total annual vessel transits by
direction

ITOTC(2,6) Cargo transits per operating year
by direction and commodity

i ITTCST(12,3) Delay cost
E QUE(4,2,14) Average queue length by lock, di-

rection and operating period

TOTDB(3,14) Average daily ballast transits per
direction and operating period

TOTDL(3,14) Average daily loaded transits per
direction and operating period

TOTDT(3,14) Average daily loaded + ballast
transits by direction and operating
period

WTQM(4,2,14) Average waiting time by lock, di-
rection, and operating period

XDBTRN(12,2) IDBTRN (Real)

XDLTRN(12,2) IDLTRN (Real)

VARIABLES NOT IN COMMON

ABTEST Very small number for logical
comparisons

ACARGO Actual cargo carried per operating
period, commodity, vessel class,
and direction

ADDSHP(6,12) Additional new ships built to
meet the cargo tonnage potential . ‘
by commodity and vessel class ! 1

ALLSHP(6,12) Number of additional ships built
by commodity and vessel class ’
A-10 |




ANCAP(6)

BTF4

BTF5

BTF13

BTF14

CALFAC

CARGON

CARGT(12,2)

CDBC(6,12)

COMSHA(6)

DELSHP(6,12)

DIFROE

DRAFT

ENDFAC(6,12)

EMPTY2

Remaining fleet cargo transport
capacity by commodity

Base year bias traffic factor for
early April

Base year bias traffic factor for
late April

Base year bais traffic factor for
early December

Base year bias traffic factor for
late December

System gqueue length and waiting
time multiplier (number of non-
constraining locks)

Cargo not transported by the re-
maining fleet

Total cargo transits per year by
vessel class and direction

Cargo distribution fractions by
commodity and vessel class

Composite ship to be added to fleet
by commodity

Number of ships that must be de-
leted from the remaining fleet if
the fleet it too large

The difference between lock utili-
zation of the separate locks at
the Soo

New system draft for a capacity
expansion measure

Partial calculation of TDFC in sub-
routine LTRAN; used to incorporate
cargo shipping demand

Difference between upbound and
downbound daily loaded transits
(DLTRN)



FACTOR
FLEETR(6,12)

HBLCT

HOLD

GONOGO

[APROX

ICAGO(6,14)

ICAP

ICAPX

1cce
ICFLOW(15)
IDEBUG

IDEC
IDECT
IKNT1

ILOCK
ILT(3)

ILTM(3)
ILTML

Cargo projections multiplier

Remaining fleet by commodity and
vessel class

Heavy balanced lock cycle time
Intermediate variable used to
f1ip upbound and downbound daily
transit demands for printing

Data file go/no go flag

Loop index for approximation
iterations

Actual cargo transported by com-
modity and month

Intermediate variable used for
capacity check

Capacity expansion measure imple-
mentation flag (0 = no, 1 = yes)

Carrying capacities (Integer)
Actual cargo transported by month
Logical variable used for printing
a debugging file from internal
WRITE statements

Variable used for year counting

Variable used for year counting

Internal counting mechanism for
queuing output

Individual lock label at the Soo

Hollerith field containing locking
time range titles

Flag for desired locking time range

Loop index for locking time ranges

NN .
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IND INDVLK + 1
INDEXC [APPROX-1 1
INDVLK Individual lock loop index variable
INUMB Page number
IPCTOT(3,15) Projected cargo tonnage by di-
rection and operating period
IPGS Total number of pages per run
IRINC Intermediate variable for year
counting
IRR Intermediate variable for year
counting
IR Loop index for years
IS Data file identifier
ISN Loop index for season extensions
ISW Ship dispatch criteria index
ISES(4) Flag for desired season extensions
4 ISYST Lock system loop index
E ITFLOW(6) Actual cargo tonnage transported
per year by commodity
ITMLK1 Locking time up
[TMLK2 Locking time down
IXSHIP Vessel operating costs ]
IXCAP Vessel capital costs @
] 1Y Intermediate variable for year ;
counting ;
IYEAR Intermediate variable for year !
counting ;
IYRCAP Year capacity is reached ]




J1

J10
J20
JCT
JYR

KU
LC

LOCKS

LU
MC
MEASUR

MN
NEWLU

NEXPG

NHOWTO
RHOMAX
RHOPOE

SHPCAP(6,12)

SORTQT(18)

SYSADD

’

SYSFAC

Intermediate variables for year
counting after capacity expansion
measure implementation

Number of different locks per
system

Loop index per vessel class
Capacity expansion measure flag

for the option of increasing lock
size when system draft is increased
Highest vessel class per system

Loop index for commodity

Capacity expansion measure label
variable

Loop index for operating period

New maximum vessel class for
capacity expansion measures

Carriage control to start each
table on a new page

Locking time reduction option label
Maximum lock utilization

Maximum lock utilization for the
Poe lLock

Annual cargo transport capacity
of the remaining fleet by commodity
and vessel class

Daily vessel arrivals dimensioned
for printing

Time spent in flight locks per
round-trip

Lock cycle time muliplier (Number of
non-constraining locks) - Welland
and St. Lawrence

A-14
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SYSTIM Time spent in transit between locks
and queues per round-trip - Welland
and St. Lawrence

TCARG Total cargo up and down

TDFC(12,14) Transit distribution factors by
vessel class and operating period

TDFI Parital calculation of TDFC; used
to include cargo shipping demand

TDFT Partial calculation of TDFC; used
to include cargo shipping demand

TDIN Total of the input demand indexes
(DIN)

TIMELK(12) Approximate time spent in locks

(unconstrained per round-trip -
Welland and St. Lawrence

TRIPTM(6,12) Time per round-trip by commodity
and vessel class
TSHIP(6) Number of ships in the actual
fleet by commodity
TSHIPS(12) Number of ships in the actual fleet
by vessel class
TTSHIP Total number of ships in the actual
fleet
TURNBK(3) Lock turnback time per lock 3
1
|
K
i
1
4
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Ce DEBUG

Cs ARRAYS
PROGRAN ANALON (INPUT»OUTPUT »TAFEL » TAPE2 TAPED

+TAPEB» TAPEY + HELF » DERUGSHELF)

c PROGRAM ANGLOK: GL/SLS LOCK CAPALITY MUDEL

[

c ARCTEC, INL

© 9104 RED BRANCH RUAL

[N COLUNBIAy ML 21045 USA

[

c WRITTEN!

C AUTHOR J. ARWANGSE KIM

[N MODIFIED: ALLEN KEID 12/74/80

C

C LANGUAGE ¢ + OKTRAN

© PURFOSE | THIS FROGRAM PREDICTS THE POINT WHEN THE SO0,
(M WELLAND aND SEaWAY LOCKS REALH CAPALITY AND ANALLZES
© THE FACTORE CAUSING CAPACITY.

[N

[

c

IMPLICIT INTEGER (1)

COMMON /HEDCON/ IBMO(14)51YK(80)
COMMON /FRJCONM/ LFCARG(3015+13) +PCARG(3+15+6)
COMMON /CARGCM/ CAGOCM(6+14)925UR(12:12114)
COMMON /CALCOM/ ADUTRN(6+12:2) 1CARGOF (6+2,80) ¢
4 CTRANCS+12+4) sCTRNFH(6+12¢2) 1EXTFT(6+2:80) 1 HRS(14+406)
+ THLOCK(1202+4)sVSAC141104)
COMMON /MINARY/ MASEFT(6212)+CL(6112)1DFA(14+s4)sLISTN(206)
4+ EMPTY(Or12)sFILL(OY12)+FLEETN(E112)+FLOAD(E) 1HRSYR(S)
4+ PO(BOs12)sREDFT(12) 2 YDF(12,24) s TRIPYR(4+12)+VEM(1296)»
+ WDIST(6)ZBHF (12)+AlDPCT(6112)+CAPINC(12)
COMMON /PRELIM/ IIT¢(3)+1SES(A)oaLTM(I)
COMMON /DAT1/ BTF(14+4)+LAREX3(6+52+80))CAREX2(6+2+80)
+ DATA(14))DINC14:4),DIST(6)
+ EXTP1(602¢80)EXTP2(60¢2+80)
+ IZBH(12)sLYEAR(BO) +UDAYS(12)»PCRF(1492)8C0ST(12),STDEV(12+2¢4),
+ TLTML2C12+2:4) e TLTML3(12+214)» TURNBK(4) yUNLOAD(12) ¢+ XCAP(12)
+ XSHIP(12)¢2ZB(12)+GBAL(12),6GLOADC12)
(OMMON /QUECOM/ CAGOCL (6912)+DRTRN(12+3+14)DLTRN(12y3014),
4+ DM(314)sDT(32:3514) s IDBIRNCLIZ+3)rICTRNP(6+12+2) ¢ IDLTRNC(12+3)0
+ IHRS(14)s ILTR(3+312) 9 )KHOCA+14) e ISDEV(A+2914)9ISYSTH(14),
4+ ITLTR(3+12) 9 ITHCST(15+12+4) e ITHCYC(492+14),170T(3¢3)
F 4+ ITOTC(2+6)91TTCST(12+3)9QUE(4+2014)sTOTDE(3+14)»TOTDL(3014)
4+ TOTDT(30v14) WTONC4»2e14) 2 XUBTRN(12+2) s XDLTRNC(12+2)
COMMON/Q/ARTAR (129 2) +ARTCL(Z) v ARTFOE (D) 1 AVUGVAR(492) 0
CAPCTY(4+2)+CUTF(A4+2) s INLUCK(422) sLMAX(12) o LMIN(LI2)
NONKAY (14) 1 POEARC1Z92) v PORUL () o RANUA (A L) s RMHUC A9 2) s KPALL(Z)
SABDAR(12+2)+SDEV(4+2) )SHIP(12+6)vS5U0AR(4112+2) ¢ TBAL(14512)
TBALT(12)+TDCST(4+412)+»TDFCX(Se4)+ YIMES(14) 9 TLOAD(14+12),
TLOADT(12) s THCYCL(Q92) 2 THEANC(492)»TTI(14)
VARTM(4+2) s TLOCKM (44 2) s DAVAR(12,2)
COMMON /COMMOD/ WHEAT(BO+3)+SO0Y(B0»3) s BLYRYE(BO¢3)+CORN(S80¢3)
OILSD(8093) 1 ALMSTN(BO»3) sAIRORE(80+3) yRAWMAT(BO0»3)»
COAL (80+3)+PETROL (§0+ £) » URYRLK(HO+3) yGENCAR(B0Q+3) ¢
STLPRD(B80+3) +GRAIN(BO»3) +STONE(B80»3I) ¢ORE(80+¢3) yBULK(BO+3)
GNCAR(80+3) s CEMENT (801 3) rAMIN(BO+3)

P o S A AR 3

L K X X 2

DIMENSION REDLT(3+2,3)
DIMENSION IROSUM(A)
DIMENSION CARF(3+15,80)
INTEGER GONOGO

LOGICAL YESTRN» 1 DEDUG

DATA IDMO/BHIANUARY » UHFEBRUARY » GHMARCH 1BHE APRIL »8H2 APRIL
+ GHNAY » SHJUNE sBHIULY r@HAUGUST +8HSEFTEM »

+ BHOCTOBER »UMNOVEMBER,BH1 VDECEM »BH2 DECEM /

VATA DM/31.929.9310918.+18.931.930.¢31,931.030.931.930.+15.,
4 15./

DATA TIMES 7 1.1001.2001.2001.05¢1.00+1.00+1.00:,1.00»
4 1.0001.0001.0001.0001.00+1.05 /

DATA RHOMAX+RMOPOE / 0.98+0.90 /

DATA MONRAY/4:5:697¢8¢9910011022+130145102+3/

NATA TT1/1.28+1.93¢1.9371.00¢1.00¢31.00+,1.0001.00+1,000¢
4 1.,0001.00¢2.0002.05,1.05/

IMTA NEXPGsARTEST / 1+.001 /

DATA TLOCKM/83.+45.:83.965.9145.912%5.0145,,125.7

NDATA LAIN/0+0»0+0+1600,400+¢700+»730+850+990+1100,1200/

DATA LMAX/0+0+101599+699+6999749:849,989+1099,1199,1299/

DATA PCARGs CAGOCM+SOR+ADDTRN» CAKGOP »CTRANYCTRNPNEXTPT,

B-2
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£
922
310

5000
[N
c

HRS» THLOCK 1 VSA» BASEFT+CCrDFA+ UISTN+EMPTY »FILL/FLEETN.FLOAD,
HRSYR+POIREDFT»TDF» IRIPYRIVUSM WRIST » ZBHF » ADDPCT s CAPINCBTFy
CAREX1+CAREX2/DATMoDINIDISTIEXTPL,EXTP2+0DAYS»PCRF »SCOST,
STDEVs TLTML2» TLTHL 3+ TURNBK » UNLDAL » XCAP + XSHIP v ZBsGBAL ¢+ GLOAD »
CAGOCL »DBTRN+DLTRN+DT»QUE» TOVYDB» TOTDL » TOTDT »WTAM» XDBTRN»
XDLTRN+ARTCL » ARTPOE + 4VGVAR + CAPCTY + CUTF ¢ DTLOCK » POEAR » POECL »
RAMDA » RHO s RPMCL ¢ SABAR » SUEV » SHIP»S00AR» TBAL » TBAL T+ TDCST» TDFCX»
TLOAD» TLOADT ¢ THCYCL ¢+ THEAN+ VARTH» WHEAT ¢ SOY ¢+ BLYRYE »CORNvOILSD
ALMSTN+AIRORE » RAWMAT » COAL + FETROL s DRYBLK ¢ GENCAR» STLPRD»GRAIN»
STONE 1 QRE » BULK s GNCAR+CEMENT » AMINIARTAR » DCST o VARTNB »
REDLT / 22962%0.0 /
DATA IYR» IPCARG»IIT IBESe ILTMs IZBH/LYEAR, IDBTRNe ICTRNP» IDLTRN
+ IMRS» ILTRs IRHO» [SDEV ISYSTMy ITLTR ITMCST s LTNCYC,ITOT» ITOTC,
+ ITTCSToICAP+» ICAPX» IYRCAP + J9 Ko MEASUR » NHONTO /250080/

FORMAT(11)

FORMAT(1X)
FORMAT (SOX s 8A29 2X14A2)
FORMAT (IielXsIt)

+
+
+
+
+
+
+
+
+
+
+

IDEBUG=. TRUE .

[
C s¥xs% SYSTEM LOOP 5x35%

5010 DO 100 15YST=1,3
%020 READCISYST»510)UONOGUY IS
IF (GONOGO.EQ.0) 6OTO 100
C ISusi EQUAL WALTING YIME BASIS
C 1SH=0 EQUAL LUCK UTILIZATION BASIS
VARTNB=2,
ISW=0Q
INUMB=0Q
JCT=0
KU=2

IF(IS.EQ.1) KU=3

<
C THE RUN SET MODULE

45030 CALL READIN (ISYSTsISsLUsKU/FACTORsCALFAC)SYSFAC,
+ SYSADD 1 SYSTIMsBTF4»BIFSyKIFL13)BTF14y TOFCX s IDEBUG,
+ CARF)

[N
C s¥xss LOCK UYCLE TIME LUOP %333

DO 110 ILTHML=1,3

IFC ILTMCILTHML).NE.1 ) GOTO 110
IFC ILTML.EQ.2 ) CALL TLOCMT(TLTMLZ»LU»IS)
IFC ILTML.EQ.3 ) ChLL TLOCHT(TLTML3IsLUIS)

C INTERPOLATE THE COMMODITY FORCASTS AND RETIREMENT
i: PERCENTAGES FOR INTERMEDIATE YEARS

* (CAREX2(MCsND+15)-CAREX2(NL NN+ 8))
G0 TO 8540
q321 CAREX1(MCsND» IR)sCAREX1(MCyND+8)+(YEAR/7.0)8
+ (CAREX1(MCsND+15)~CAREXL(MCINI3+8))
#3540 CONTINUE
#330 CONTINUE
M) #5331 LC= 4,LU
POCIRILC)ImPOCEBILC)I+(YEMR/7.0)8(POCES/LLI-PUCEILL))
H331 CONTINUE
4300 CONTINUE
DO 8310 IR»314,18,2
YEAR=[RE1,0-15.0
N0 8370 MC= 1,6
00 9580 ND= 1,2
IF (ISES(1) .EQ. 1) GO TO 8522
CAREX2(MC+ND» IR) mCAKEXZ(MCINDr 15)4C(YEAR/S5.0)
+ SC(CAREX2(MCsND»20)~CAREX2(MCIND115) )
G0 10 @580
H322 CAREXL(MC+NDs IR)SCAREXL (MCoND/ 15)+(YEAR/S.0)
+ S(CAREX L (MCsND e 20)~CAREXI(MCoND»135))
#5800 CONTINUE
H370 CONT INUVE
DO 8571 LCe 4,LU
POCIRILCI*PO(1T.LEIHIYEAR/S.0)SIPO(20,LC)-POI1I3HLED)
#371 CONTINUE
#3510 CONTINUE

DO 8500 IR=10,1492
YEAR®=IR%}.0-8
00 HS30 MC= 1,6
DO 83540 ND= 1,2
IF (ISES(1) .EQ. 1) GO TO 82t
CAREX2(MCeND» IR) »C AREX2(MCINDsB)+(YEAR/7 .00 %
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DO 8330 1v=2,7
DO 8390 [YEAR=2+8,2
IR=IYR10+IYEAR
IF(IR.GT.80) GO TO 8590
IDEC=IY%10
IDECI=(IY+1)%10
YEARe [ YEARSR1.0
H340 DO 0600 ML= 3,6
DO 6610 ND= 1,2
IF (ISES(1) .Ea. 1) GO 7O 8523
CAREX2(MCsND»s IR)sCAREX2(MCyND+ IDEC) + (YEAR/10.0)

+ S(CAREX2(MCND» IDEC1)-CAREX2(MCs»ND» IDEC))
GO TO 8610
4523 CAREX1 (MCsND+ IR)=CAREX1 (MC/ND+ IDEC)+(YEAR/10.0)%
+ (CAREX1(MC,»ND» IDEC1)-CAREX1(MC»MDs IDEC))
Hél10 CONTINUE
#600 CONTINUE

D0 9601 LC= 4sLU
POCIRI/LC)=POCIDECILCI4C(YEAR/10.0)B(POCILECLLC)
+-POCIDEC,LC))
601 CONTINUE
43590 CONTINUE
85%0 CONTINVE

€ #2388 SEASON EXTENSIN LUUP SX¥83

.
5040 DO 120 ISN= 1,2
IF(ISES(ISN) .NE. §) GO TO 120
IF ( ISN .EQ. 1 ) CALL SESONSCISN+FALTOR:CAREX1s

+ EXTP1» TDIN:DIN)
IF ( ISN EQ. 2 ) CALL SESONS(ISNsFACTOR,CAKEX2s
+ EXTP2: TDINsWIN)

[
C 88888 YEARLY CYCLE LOOP s32x2

DO 129 IRINC=#-,H0+2
IF(IRINC.EQ.16) IR=13
IFC(IRINC.EQ.16) GO TO 7510

7%00 IR=IRINC
C CONVERT YEAR SUBSCRIPTS INTD ALTUAL YE4R
7510 IYR(IR)=197041IR

Uy 781 (C= 3etd
REDFT(LC)=1.0
741 CONT INUE
C stsss APPROXINATION CYCLE LOOP s33ss
¢
5030 NG 140 (APROX®L,S
INDEXCw [APROUX-1
¢
C THE FLEET FORECAST MOULE
CALL FLEET CINDEXCsIRsISN+LU»ISsSYSFACHSYSADD)
} DO 9700 LKO= 1,4
IROSUN(LKO )= ©
9700 CONTINUE
¢
C sasgs STEP THROUGH MONTHS STARTING WITH EARLY APRIL LOOP sissg
u
5060 DU 150 MNNRw1,14
MNSPMONRAY (HNNR)
G
€ THE TRANSIT FURECAST MONULE
DFA(MN ISNI=RIN(MN ISN)/TDIN
211 CONTINUE
CALL LIRAN (IR+ISNsLU»MNo+ ISy INDEXCo

+ YESTRN» TDFCX)
CALL TFRCTCLU»MCoyMNIARTEST» IR, ISNy
+ BTF49BTFS,BTF13.,BTF14)

1KC NOT.(YESTRN) ) DRTRN(I+2+MN)=0
1IF( MUT.(YESTRN) )IBYSTH(MN)=O
%070 IF( TAPROX.NE.3 )GUTU 150
RHO(2v1)=Q,
JCT=0
IF(1S.NE.1)G0TO 172

C ?
C THE SHIP DISPATCH MUDULE

4} CONTINUE
CaLl DISPCH(MNILU+ IS+ ISWsJCT»RHOPOE »
+ DaTM)
172 CONT INYE
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C THE LUCK CYCLE TINE MOBUALE

. THE QUEUEING MODULE .
3060 LKST= 3
IF (I8 .EO0. 1 .AND. LU .BE. 12)
+ LKST=s 2

DO 170 LK+ LKSTsKU
CALL CYCLTM(LKeLU» IS, NN/RHOCAP
+ RMOMAX s RHOPOE » THCY s VARTND)
CaALL QUEMOD(LK NN+ IS, CALFACILU)
170 CONTINUE
[N
C IF NECESSARYy RETURN YU THE DISPAT(H MODULE
JCT=JCT#1
IF(IS.HE.1) .80 TO 201
IF(ISW.EQ.1) GO TO 203
IF(JCT.EQ.2) GO TO 201
DO 202 ND=1,2
DO 171 LK= LKST,KU
IF (LU .GE. 11)
TLOCKM(LK/ND)=
THCYCL(LKsND)
171 CONTINUE
N IF (LUJLE.$10)TLOCKMN(2/ND)
+ = TMCYCL(1+ND)
IF (LU.LE.10) TLOCKM(3sND)
+ = TMCYCL(2/ND)
202 CONTINUE
GO TO 7%
203 CONTINUE
IF(RPMCL(1).GE.O.AND.WTGM(151,MN)
+ LT .WIGMC(2,19MN) HGOTO 71

e

C
C THE ECONOMICS MODULE
¢
C THE ECUNOMICS MUUULE COMPUTES TME MUNTHLY LELAY CUST BY LUCK AND
¢ VESSEL CLASS
201 CONTINUE
LU0 420 LKsLKSTIKU
DO 410 LC=asLU
TDCST(LK+LC) =0,
DO 400 ND=1,2
DCST=UTUN(LK »ND» NI SSTOSTILEY S

+ SO00AR(LKsLCIND) /1000,
TRCST(LKsLC)=TDCST(LKLC)+DCST
400 CONTINUE
%5090 TTHCST(MNsLC/LK)=TDCST(LK,LC)RDM
+ (MN)+0.5
410 CONTINUE
420 CONTINUE

(M
€ THE CARGO TUNNAGE MODEL
CALL CARTOUN(LU'LK+MN» IS»SYSFAC»SYSADD,
+ SYSY1IM» IROSUN)

150 CONTINUE

130 CONTINUE
(¥
C %%38% END STEP THROUGH MUNTMS 28388
. S28%% END APPROXIMATION LUOP s3x8%

C CHECK TO SEE IF CAPACITY HAS BEEN REACHED
¢
1CAP= 0O
IF (1S EG. 1) GO TU 7010
IFCIROSUM(L) .GE. 630) ICAPs §
GO TO 7000
7010 DO 7040 LK= 1,4
IF <LU (UE. 12 .AND. LK .EQ. 1) GQ TQ 7040
IF (LU .LE. 10 .AND. LK .EG. 4) GO TO 7040
IF (1ROSUM(LK) .GE. 430) ICAPs LK
27040 CONTINUE
7000 CONT INUE
IFCICAP .EQ. 0) GO TO 7350
¢ IF CAPACITY WAS REACHED DETERMINE WHAT YEAK
IF (IROSUM(ILAP) .GV. 658) GO TO 70350
IYRCAP=19704IR |
G0 10 7%3%0
2050 IYRCAP=1969+IR

C
C 82823 THE OUTPUT MODULE szxss

C
7350 CONTINUE .
CALL OUTMOD(LUsLU»IS» INUMBs IRy ISNy ILTHL » NEXPGo ICAF » CARF)
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SO . P

131 IF (ICaP .€Q. O) GO TO 130
7040 WRITE (@8,7069)
2069 FORMAT (3(/))
WRLIE (8+7070) IYRCAP
7070 FORMAT (368X+29HEXES CAPALITY WAG HEACHED IN +14¢
+ 1Xv4HESEE)

[N
c I8 A CAPACITY EXPANSION MEASURE TO BE IMPLEMENTED?
C

READ(ISYST6000) ICAPX

6000 FORMAT(I1)
IF(ICAPX.EQ.0) GO TO 100

€ READ IN THE CAPACITY EXPANSION MEASURE
REAUCISYST»6000) HEASUR
IF (MEASUR.EQ.1) GO TO 6020
IF(MEASUR .EQ. 2 .OR. MEASUR .EQ. 3) GO 10 4040
IF(NEABUR,.EQ.4) GU [0 4050

4020 IFCICAPX.BT.1) GO 10 6021

C CAPACITY EXPANSION MEASURE t: REDUCE LUCKING TIME

READ(ISYST»6060) ¢ (REDLTCISsNDsK) yND=1+2) Km1s5)
6060 FORMAT(2F7.2)
6021 REAL(ISYST»6000) NHOWTO
DO 4060 LC=4,LU
DU 6070 ND=12
DO 6090 J=1,4
THLOCK(LC+NDs J)=TMLOCKC(LCoND» J)$¢1,0~REDL C(18»NU»
‘ + NHOWTO))
. TLYNL2(LC»NDs J)sTLTAL2¢LUND» I $(1.0-REDLTC(ISsND»
+ NHOWTO))
r TLTNL3CLCHND» J)mTLTHLICLC 1 ND» J) $(1, O~REDLT(1S+ND»
+ NHOWTO0) )
6090 CONT INUE .
4070 CONT INUE
4080 CONTINUE
DO 4081 ND=1,2
REDLT (1S /ND» NHOMTU) =REDLT (IS s NDs NHOWTO ) 81000
4081 CONTINUE
WR1TE(Bs 7069)
WRITE(8+6100) REDLTC(IS+1¢NHOMIO) yREDLT (1§ +2+ NHOMTG)
6100 FORMAT(23Xs45H CAFACITY INCREASED BY REDUCING LOCKING TIME »
¢+ FA.1+16HX DOWNBOUND AN +F4.1510H X UPEOUND)
IF(NHOWTO.EQ.1) WKITE(8+6031)
TF (NHOWTO0.EQ.2) WRITE(8+6032)
I+ (NHOWTO.EQ.3) WRITE(8r6033)
IF (NHOMTO.EQ.4) WRITE(Bs6034)
IF (NHOWTO .EQ. S) WKITE(Hs603%)
4031 FORMAT(32X:36HE838 TRAVELING KEVELS AND WINCHES WERE»1X,
+ 16HCONSTRUCTED S328)
6032 FORMAT(30Xs44HE2X8 SHIP SPEEL INTO LOCK WAS INCREASED Rx£x®)
4033 FORMAT (30X+44H8888 LUCK CHAMBERING TIME WAS DECREASED 2x38)
4034 FORMAT(34XsABHEESE TRAFFIC CONTROL SYSTEM WAS IMPLEHENTED 833%)
] 6035 FORMAT (40X¢A1HSERRS NONSTRUCTURAL MAXIMUM UTILITY szxgx)
3 G0 TO 130

!
3
]
g

c
C CAPACLYY EXPANSION MEASURE 31 INCREASE ALLUWABLE SHIFP DRAFT

¢
6040 READ (ISYST»6064) DRAFT
READ (ISYST+6000) LOCKS
6064 FORMAT (F6.2)
- IF (DRAFT .LE. 25.73) GO TO 4030
g NO 6048 LC= 4sLU
DO 4047 NC» 1.4
CC(MCsLC)= CC(MCILCI+((DRAFT-25.5)212.0)8CAPINC(LC)
4067 CONTINUE
6060 CONTINUE
WRITE (8+7069)
WRITE (8+6069) ORAFT
6069 FORMAT(21X¢4BHEXSE C4PALCITY INCREASED BY INCREASING AILLOWABLE »
+ A3HSHIP DRAFT TUsF6.2,10H FEET s288)
IF (LOCKS .GE. 1) GU TO 6030
U T0 130

CAPACITY EXPANSION NEASURE’21 CONSTRUCT LARGER LUCKS

0ncon

READ IN THE NEW MAXINUM SHIP S1ZE 3
6030 READ (ISYST+6043)
READ (18YST+4041) NEWLU
AGAL FORMAT <12)




LUP= LU+
C READ NEW SHIP UTILIZAVION FACTORS
IF(IS «NE. 1) READ (ISYST»46042) (ZBHF(LL) LL=LUP,12)
IF (IS .EQ. 1) READ (ISYST»4042) (ZBHF(LC)sLC=LUF¢12)
4042 FORMAT (2FS.2)
4042 FORMAT (SFS.2)
C READ NEW FLEET MIX BUILDING FACTURS
READ (ISYST,6043)
6043 FORMAT (/)
READ (ISYST16044) ((ADDPCT(MC/LC)INC®296)91.Cu4y12)
4044 FORMAT (6F6.2)
. READ IN SHIP CARRYING CAPACITIES
READ (ISYST,6043)
1F (I8 .NE. 1) READ (ISYST+4048) ((LCINCILL) 1 LC=LUP112)¢NC=1,+6)
IF (IS .EQ. 1) READ (ISYST140435) ((CC(MCILC) /LC=LUP+12)¢MCm1+6)
4045 FORMAT (2F?7.0) :
40435 FORMAT (S5F72.0)
C READ IN LOCKING TIMNES
READ (ISYST»46043)
KEAD (ISYST16046) (((THLOCK(LCoND»J)+LC®4012)sND=152)5Jutr2)
READ (1SYET26043)
READ (ISYST+6046) (C(TLTML2CLCsNII»J) +LC®4+12)ND=1-2)9Jm1,2)
KEAD (ISYST»6043)
READ (ISYST16046) (((TLTHLI(LC»ND»J)2LCm4r12)9)ND®=1,2)9J®1+2)
6046 FORMAT (9F6.1)
C LOCKING TIME SYANDARD DEVIATION
READ (15Y57+6043)
REAU (ISYST+6048) (((STDEV(LCINDvJ)+1LC24912)9yND=1+2)sJ=1,s2)
1F (IS +NE. 1) GO TU 6074
10 6073 LC= 4,NEWLU
DU 6076 ND» 1+2
DO 6077 U= 3+4
THLOCK (L.CoNDeJ)= TMLOCK(LCsNIte2)
TLTML2CLCoNDr» J)® TLTML2(LC+ND,2)
TLTML3(LC/NDeJ)= TLTHMLIC(LCIND»2)
STDEV(LL'NDr J)» STDEV(LC/ND»2)
4077 CONTINUE
IF (NEMLU .LE. 11) 6U TU 6076
TMLOCK(LC»NDe1)= 0,0
TLTML2(LCsNDe1)» 0.0
TLTHMLI(LC»ND»1)= 0.0
STDEV(LC'NDy»1)= 0.0
6076 CONTINUE
6073 CONTINUE
6074 DO 8073 NDwi1,2
REDLT(IS/ND+NHOWTO)=REDLT( IS+ NDyNNONTO) /100.0
H073 CONTINUE
KX=2
IF (18 .EQ. 1) KX=3
IF (IS .€Q. 1 .AND. NEWLU .GE. 1) KX=4
DO 8074 LC= 4,NEWLU
0 80738 ND= 1,2
DO 8076 Ko 14KX
IMLOCK(LCoNDsK)® THLOCK(LCo»ND¢K)®(1.0-REDLT(IS:NDsNHOWTO) )
TLTAL2CLC/ND oK) @TLTHL2CLL o NIIoK)8(1.0-REDLT (IS/ND+NHOWTD) )
TLTMLIC(LCYND»yK)=YLIMLI(LCYNDyK)B(1.0-REDLT (IS, ND/NHOWTO)
HO76 CONT INUE
H07S CONTINUE
6074 CONTINUE
C READ IN LUADING AND UNLUADING RATES
READ (ISYST»6043)
READ (ISYST16047) ((FILL(MCILL)sMCoiré)oLCoalUP,12)
READ (I8YST,6043)
READ (ISYST»6047) ((EMPTY(MCsLC)sMCw1ls4) o LLaLUPY12)
4047 FORMAT (&F7.1)
. READ IN VESSEL SPEED
KEAD (ISYST,6043)
IF (IS JEQ. 1) KEAD (ISYST:6048) ((VSA(MNILCr1)MN=1,14),LC=
+ LUP»1D)
IF (I8 .NE. 1) READ (ISYST146048) ((VSA(MNILCe2)1MN=1,14)LCm
+ LWPr12)
6048 FORMAT (14FS.2)
C READ IN RETIREMENT FFRUENTAGES
KEAD (1SYST,6043)
NO 6049 Jo 199
Jis J- ¢ ‘
IF (J1 .EQ. 0) IRR= 8
- IF (J1 .EQ. 1) IRR= 15
i IF (J1 GE. 2) IRR= J1% 10
' IF (I8 .NE. 1) READ (ISYSTy6032) (POCIRR,LC)»LCaLUPr12)
IF (IS .EQ. 1) READ (ISYST»4052) (POCIRR,LC)sLCmLUP,12)
6049 CONTINUE
60352 FORMAT (SFS5.2)
40%2 FORMAT (2FS.2)
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DO 4033 LC= LUPINEWLY
VG 4054 J=10s14.2
YEAK= JS 1.0- 8.0
POCJILC)® PO LC)+(YEAR/7.0)8(POC1D+LC)I-PUCEILL))
6034 CONT INUE
00 40SS J= 146182
YEAR= J%1.0-15.0
POCJILC)™ PUCISILCIH(YEAR/S.0)8(PG(20,LL)-PO(15,LC))
4088 CONTINUE
DO 6086 J=2»7
DU 6036 JJ= 24802
YEAR= JJ%1.0
JYRs JB104J0J
J10w Js10
J20= JB10+410
PACJYRILC)® PUCILOILCIH(YEAR/10,0)18(PO(J20,LC) -
+ POCJ10+LC))
6057 CONTINUE
60368 CONTINUE
6053 CONTINUE
C READ IN CAPACITY INCREASE W1TH DEPIH
READ (ISYST»460435)
IF (IS (NE. 1) READ (ISYST+60358) (CAPINCI(LC) LC=LUP»12)
IF (18 .E£Q. 1) READ (ISYST+»4058) (CAPINC(LC)»LCwLUP»12)
4038 FORMAT (2F7.2) .
60S8 FOKMAT (SF7.2)
WRITE (8,7069)
WRITE (8,4082)
6082 FORMAT (31X»46HRX88 CAPACITY WAS INCREASED BY BUILDING LAKGER»
+  1Xv10HLOCKS 2¥2X)
IF (NEWLU .EQ. 11) WRITE (8+6083)
IF (NEWLU (EQ. 12) WRITE (8r4004)_.
4083 FORMAT (43X,29HMAXINUM SHIP SIZE IS 1100X105)
6084 FORMAT (ASXs29HMAXINUM SHIP S1ZE IS 1200X130)
c
C SET THE NEW BASE FLEET EQUAL TO THE FLEET FOR THE CAPACITY YEAR
C

DO 4062 NC= 196
DO 4063 LC= 4sLy
BASEFT(MC/LC)= SHIP(LCNC)
6063 CONTINUE
DO 60644 LCoLUP,NEWLU
BASEFT(MCoLC)= 0.0
4064 CONT INUE
céO‘Z CONTINUE

C
C MAKE PROGRAMMING UHANGES CURRESFPONDING TU THE NEW LOCKS
5

DO 1519 LC=LUPNEWLU
GLOAD(LC)= 0.0
GBAL (LC)= 0.0
ZB(LC)= 2BHF(LC)
IZBH(LC)= 100%ZEK(LC)+0.5
1519 CONTINUE
C DIFFERENT LOCKS AT THE SO0
IF (IS .€Q., 1 .AND, NEWLU .GE. 11) Ku= 4
. CHANGE NON-CONSTRAINING LUCK FACTORS
1F (IS .Eu. 1) GO TO 6071
IF (I8 .€@. 2) GO TO 4072
CALFAC= 4.0
SYSFAC= 4.0
SYSTIW= 15.0
G0 T0 6071

6072 CALFAC= 3.0
SYSkACe 3.0
SYSaDD= 0.0
SYSTiNa 2.0
6071 CONMTINUE
LU= NEWLU
GO 10 130
6030 GO 10 100
130 IFCIR.ED.1S) 4U TU 7500
129 CONTINUE
120 CONTINUE

110 CONTINUE
100 CONTINUE
c .
C sxxsx END YEARLY LOOP saszz
. 82888 END SEASON EXTENSION LUOP S3sss
. 28288 END LUCKING 11ME LUOP 22828
. 88888 END SYSTEM LOOP 3

STOP
END

A
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[~
c

[

SUBROUTINE FLEET C(INDEXCsIR»IBNsLU+IS+SYSFAC)SYSALD)
INPLICIT INTEGER (1)

SUBPROGRAM FLEET CALCULATES THE ZERO-BACKHAUL FLEET
REQUIRED TO TRANSPORT THEPOTENTIAL CARGO TONNAGE

+

COMMON /MINARY/ BASEFT(6+12)+CC(8912)9DFACL4+4)sDISTN(2+6)0

EMPTY(6012)eFILLC(S012)FLEETNC(S¢12)+FLOAD(S) HRSYR(6)

+ PO(B0,12)sREDFT(22) s TDF(12+14) 9 TRIPYR(6112)yVBN(12+8)
+ MDIST(4)+ZBHF (12)yADDPCT(6+12)+CAPINC(12)

COMMON /CALCOM/ AUDTRN(6+12+2)+CARGOP(6+2+80)

+ CTRAN(S91204) sCTRNPM(801202) +EXTPT(6+2+80) »HRE(240408)
+ TMLOCK(12+2:4)92VSAC14912+4)

CUMMON/QUECOM/CAGOCL (691 2) » UBTRN(1213914) sDLTRN(1213014)»

+ DM(14)sDT(1203914) e IUMIRNC12+3) 9 ICTRNP(4912+2) s IDLTKN(12:3)0

+

IHRS(14)»ILTR(3+12)vIRHOC4+34) v ISDEV(4,2,14),ISYSTH(14)»

+ ITLTR(3012) 1 ITHCSTC1S+1204) 9 ITHCYC(402,14)51701(303)»
+ ITOTC(2,8)+sITTCST(12,3)1QUE(4+2:24)+TOTDB(3+14),»TUTDL(3r24)»

+

bttt

TOTDT(3+14) 1 WTAOM(422:14) s XDBTRN(2292) 9y XDLTR? (1202)

COMMON/G/ARTAR(1292) v ARTCL(2) s ARTPOE (2) » AVGVAR (42 2) o

CAPCTY(492) 1CUTF(492)oDTLUCK(402) 1 LMAXC12) s LMINCI2)

MONRAY (14) s POEAR(12+2) ¢ FOECL(2) +RAMDA (41 2) s RHO(4+2) s KFNLCL(2) 0
GABAR(1292)+SDEV(402) v SHIP(1296) +SOUAR(4+112¢2) 9 (BAL(14912)
TBALT(12) ¢ TDCST(4012) s TDFCX(S»4)» TIMES(14)y FLUADC14+12)»
TLOADT(22) 2 THCYCL(492) o THEAN(492)+TTIC(34),
VARTM(492) » TLOCKM(4+2) 1 DAVAR(12+2)

DIMENSION AUDSHP(8+12)1ALLSHP(8912) 1ANCAP(6) 1 LARGON(S) »

+

DELSHP(4¢12)+FLEETR(6¢12)«SHPCAP(6+12), TIMELK(L1Z) TRIPTM(6912)

BINENSION CUMSHACS)

ABTEST=,001
Df=1.0
DO 3 MC=1,6

3

HRSYR(MC)=O,

ANCAP (MC)=0.

DO 3 LC=4,LU
VSH(LC/MC) =0,
ALLSHP (MC,LC)=0.
AUDSHP (ML LC) =0,
DELSHP(MC+LC) =0,

CONTINUE

S CONTINUE

PROMIBIT CERTAIN VESSELS FROM WINTER OPERATION
DO 10 MN=1,14

IF(MN.LE.3.AND, ISN.GE.2)VSA(MNs4» ISN) =0,

IFC MN.LE.3 AND. ISN.GE.2 )VSA(MN»S»ISN)=O.
IFCIS.NE.1.AND . MN.LE. 4. AND.ISN.GE.2)VSA(MN, 4+ ISN) =0,
IFC¢ IBME.1 . AND MM LE . 4. AND.ISN.GE,2 )VSA(MN,S+ISN)=O.
IF(IS.NE. 1. AND . MN.EQ.14.AND. ISN.GE.2)VEA(NN» 4, ISN) =0,
IFC IS.NE.1 ., AND.MN.EQ.14.AND.ISN.GE.2 )VSA(MN:S+ISN)=0,

CALCULATE THE OPERATING HOURS PER YEAR

L]

o 8 MC=1+4
HRSYR(MC)=HRSYR(MC) +HRS (MN» ISNeMC)
CONTINUE

10 CONTINUE
DO 30 LC=a,LU

CALCULATE THE mEAN VESSEL SPEED

+
15
20

RO 20 MN=1+14
DO 15 MC=1+6
IF (VSA(MNILCrISN) LE.00.0) VSA(MN'LU,ISN)nU.
VSH(LCoMC)IaUSA(MN LU s ISNISHRS (MN» ISN+MC) /HRSYR(NMC)
+VSNLC M)
CONT INUE
CONTINUE

CALCULATE THE TIME SPENT IN THE LOCKS

IF(IS.EQ.1.AND.LC.GE.B)J=3

IF(IS.EQ.1.AND.LC.LE.7)J=}

IFCIS.EQ. 1) TIMELK(LC)=(TMLOCK(LC»2+J)+THLOCK(LC2rJ))/640.
IF(IS.EQ.2) TIMELK(LC) o (THLOCK(LCr1+1)+THLOCK(LC, 2y 1)4SYSFAC

+ S(THMLOCK(LL 19 2)+THLOCK(LCr2+2)))/60.+5YSADD
IFCIS.EQ. I)TIMELR (LU= (THLOCK(LC» 1+ 1)+THLOCK(LC12,1)+SYSFAC
+ B(THMLOCK(LC»1¢2)+IMLUCK(LC»2+2)))760
30 CONTINUE
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DO 50 MC=1+6
IF CINDEXC.EG.0)CARGOP(MC,1+IR)I=1000.8

+ CARGOP(MC» 1+ IR)
IF (INDEXC.EQ.0)CARGOP(NC+2+IR)=1000.8
+ CARGOP(MC+2/ IR)

TCARG=CARGOP (MC» 1+ IR) +CARGOP (MC» 2, IR)
IF (ABS(TCARG).LE.ABTEST) WDIST(NC)=0
IF (ABS(TCARG).LE.APTEST) GO TO 40
WDIST(NC)=(CARGOP(MC» 1+ IR)SDISTN(1sMC) +CARGOP (MCr2+
+ IR)SDISTNC(2+MC) )/ TCARD
40 CONT INUE

o

PMASE OUT OLD SHIPS
DO 90 LCs4,LU
FLEETR(NC,LC)=BASEFT(MLLL)&(1.0-POCIRILC))

C
C CALCULATE THE TINE PER ROUND TRIP

TRIPTH(MCsLC)=DFS(2,08WDIST(MC) /VEM(LCINCIHCC(NCLC)S
+ FLOAD(NC) /EMPTY(MC/LC ) +FLOAD(NC)ISCC(MC/LC)/
+ FILL(MC LC) )+ TIMELK(LD)

IF (ABS(NDIST(MC)).LE.ABTEST)TRIPYR(MC LC)=0

IF (ADPS(WDIST(MC)).LE.ABTEST.OR.ABS(TRIPTN(NC,LC))
+ +LE.ADTEST)GO TO 80O

C CALCULATE THE NUMBER OF ROUND TRIPS PER YEAR PER VESSEL

TRIPYR(MC:LC)=HRSYR(NC)/TRIPTH(NCLC)
80 CONTINUE

CALCULATE THE REMAINING FLEET TRANSPORT CAPACITY

O

SHPCAP (MC+LC)SFLEETR(MC,LL)BTRIPYR(MC LC)SCC(MCHLC) N
+ FLOAD(NMC)
ANCAP (MC ) =ANCAP (MC ) +SHPCAP (MC,LC)
90 CONTINUE
CAKRGON(MC)=CARGOP(MCr» 19 1R)+CARGOP(MC+ 29 IR) -
+ ANCAP (MC)
IFC(ABS(CARGON(MC)) .LE.ABTEST) GO TO 599
IF (CARGONC(MC) .LT.0.0) GO TQO 299

C BUILD SHIPS8 TO MEET THE CAKGO DEMAND

Cc DETERMINE THE COMPOSITE SHIP TO Bt ALDED
COMSHA(NC)= 0.0
DO 7600 LC= 4,LU 0
COMSHA(MC)= COMSHA(MU)+ ADDPLT(MCLC)E TRIPYR(MC:LC)S
+ CC(MCsLC)SFLOAD(NHC)
2400 CONTINUE
[ DETERMINE THE NUMBER OF SHIPS TO Bt ANDED
DO 7610 LC= 4»LU
ADUSHP (MC+LC)= (CARGON(MC)/COMSHA(MC) )R ADDPLT(MC.LC)

c CALCULATE THE NEW FLEET MIX

FLEETN(MCsLC)® FLEETR(MCILC)+ ADDSHP (MC/LC)
. 7610 CONTINUE
: GO 10 499

[
C DELETE SMIPS IF NECESSARY
C
299 DO 190 IC= 4,LU
LC= IC
IF (ABS(TRIPYR(MCsLC)) .LE. ABTEST) DELSHP(MC,LC)= 0.0
1IF (ABS(TRIPYR(MC,LC)) .LE. ABTEST) GU TG 1v0
DELSHP (MCoLC)= ~CARLON(MC) 7/(CC(MCILC)SFLOAD(MC)
+ TRIPYR(MC,LC))
IF (IS .NE. 1 .AND. MNC .GE. 3) GO TO 399
IF (DELSHP(MC»LC) .LE. FLEETR(MCHLC)) GO TO 399
DELSHP (MC»LC)® FLEETR(MC»LC)
CARGUN(MC)= CARGOM(MC)+ DELSHP(NMC,LC)®
+ FLOUAD(MC)SCC(MC/LC)RTRIPYR(MCLC)
190 CONTINUE
399 CONTINUE

C CALCULATE THE MNEW FLEET
DO 200 LC= 4,LU
FLEETN(MC/LC)®» (FLEETR(MCsLC)-DELSHP(MC/ILC))

200 CONTINUE

499 CONT INUE

599 CONT INUE

350 CONTINUE )

DO 7@ LC=3+LU
TLOADT(LC) =0,
TBALT(LC)=0,
DO 27 MC=1+6
DO 26 ND=1.:2
ICTRNP (MC+LC1ND)I=O

26 CONTINUE

2 CONT INUE

’% CONTINUE

: RETURN

END
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SUBROUTINE LTRANCIRs ISNeLUsMN»18» INDEXCs YESTRN, TOFCX)

INPLICIT INTEGER (I)

SUBPROGRAM LTRAN CALCULATES THE TOTAL NUMBER OF ANNUAL
LOADED TRANSITS AND DISTRIBUTES THE TRANSITS OVER YHE OPERATING YEAR

COMMON /MINARY/ BASEFT(68¢12)sCC(6012)¢DFA(14+4):DISTN(2:+4)»
+ ENPTY (60 12)oFILL(6012)9FLEETN(6912) ¢FLOADCS) »HRSYR(S)»

+ PO(B0+12)yREDFT(12)+TDF(12214) 2 YRIFYR(6+112)1USN(1204)»

+ WDIST(8)¢ZBHF (12)+ADDPCT(6¢12)»CAPINC(12)

COMMON /CALCOM/ AUDTRN(4+12¢2)+CARGOP(602+180)

+ CTRAN(6+12+4) »CTRNPMCE92202) sEXTPT(6+12080) s HRS(14+4¢6)

+ THLOCK(120204)+VUSA(14012,4)

DIMENSION CDBC(6+12) 9ENDFAL(8912) s TDFT(4912) 9 TDFC(12014)»
+ CARGT(12,2)

LOGICAL YESTRN
DIMENSION TDFCX(Sr4)

ABTEST=. 001
DO 1 LC=4yLU
DO 1S ND=1,2
CAKGT(LCsND)=O
CONTINUE
D0 3 MC=1,4
DO 9 NDw»1,2
ADUTRN(MCsLCIND)=0Q
CTRNPH(MCoLC ND) =0
CONT INUE
IFC MNJEQ.4 ) TDFT(NMCsLC)=0
CONTINUE
CONTINUE
DO 648 ND=1,2
DO 647 NCw1,4
EXTPT(NC+NDsIR)=0
&47 CONTINUE
448 CONTINUE

13

1 4

3
1

PROMIBIT CERTAIN VESSELS FROM WINTER OPERATION
IF(MN.LE.3.AND, ISN.GE.2) VSA(MNs 4+ ISN) =0
JEC(MNJLE.3.AND.ISN.GE.2) VHA(MN+ISsISN)=0
IFCIS.NE«1.AND ,MN.LE.4.AND.ISN.GE.2) VSA(MN+4)ISN)»0,
IFCISINE.L . AND . MN.LE.4.AND.ISN.GE.2) VSA(MN+S»ISN)=0,
JFCIS.NE«1.AND MN.EG. 14.AND.ISN.GE.2) VSA(MMe4y ISN)=0,
IFCIS.NE.1.AND.HN.EQ. 14 . AND. ISN.GE.2) VUSA(MN¢3,ISN)=0,

BYPASS DISTRIBUTION IN THE NEW FLEET FOR
EXTENDED SEASON GRAIN AND GENERAL CARGO
DO 30 MC=1+6
IF(MC.EQ.4,.AND, ISN.GT.1.AND . MN.LE.3)GO TO 70
IF(MC.EQ.6.AND. ISN.GT.1.AND.MN.LE.3)GO TO 70
DO 20 LC=4,LV
TCARG=(CARGOP(MC s 1+ IK) +CARGOP(MCe2vIR) )

CALCULATE THE TRANSIT UISTRIBUTYIOUN FACTORS
ACCORDING TO FLEET ABILITIES
TUFC(LCoMN)=HRS (MN» ISNoMC) SUSA(MNILL» ISN) Z (HRSYR(NC) &

+ VUSH(LC,MC) )
1F (ISN .EQ. 1 .AND. INDEXC .EQ. O)
+ TOFI=sTUFC(LCy MN) SDFA(MNY ISN) *

IFCISN.GT.1.AND.INDEXC.EQ.O) TOFI=sTDFCCLC MN)SDFA(MN, ISN)
INCORPORATE CARGO SHIPPING DEMAND

I¥ (ISN .EQ. 1 .AND. LNDEXC .GT. 0)
+ TDFC(LC/MNI=TDFC(LC/MN)SDFA(MN, ISN) S
+ ENDFAC(MC.LC)

IFCISN.GT.1.4ND. INDEXC.GT.0)TDFC(LCrMN)~
+ TDFC(LC/MN) SUFA(MN» ISN) XENDFAC(MC/LC)

IF(ABS(TCARG) .LE.ABTEST) CDBC(MC+LC)=0.0

IF (ABS(TCARG).LE.ABTEST) GO TO 7
CALCULATE THE CARGO DISTRIBUTION BY CLASS
CDBC(MCyLC)I=FLEETN(MCLC)XFLLOAD(NC)SCC(NC,LCISTRIPYR(
MCsLC)/TCARG
CONT INUE
DO 10 ND-I-Z/

CALCULATE THE ANNUAL LUADED TRANSLITS
CTRAN(MCsLC/ND)=(CARGOP (MC»NU» 1R} )XCDBC(MC,LC)/
(FLOAD(MC)SCC(MCHLED))

+
4

+




€ CALCULATE THE -MONTHLY- LOADED TRANSITS
CTRNPHC(MCLCoND)I=CTRANCHC/LCoNDISTDFC(LCMN)
CARGT(LC»ND)=CARGT (LC+ND)+CTRAN(HCLC/ND)
10 CONTINUE
IF (INDEXC.EQ.0) TUFT(NCILLI=IDFT(NC LCI+TDFI
IF(MN.EQ.3.AND. INDEXC.EQ.O)ENDFAC(MC,LC)=2.0/TDFT(NC,LC)

=14
gg(‘(ﬂC.EO.G.OR.NC.Eﬂ.C)-hNB-HN.EO.NN.AND‘INDEXC.EQ.
+ O JENDFAC(MLLC)=1,0/TDFTINC,LC)
20 CONTINUE
70 CONT INUE
YESTRN=.FALSE.

C CALCULATE TNE TOTAL TRANSITS PER OPERATING PERIOL
0O S3 LC=4asLU
DO 35 ND=1,2

CTRNPM(NCsLCoND) sCTRNPM(MCLL »ND) +ADDTRNCMC +LC yND)
IF( CTRNPH(MCILCIND).0T7,0.0 ) YESTRN=,.TRUE.

13 CONTINUE

3 CONTINUE

30 CONTINUE

RETURN
END

[
C SXRERBLRZAZLXEEEEEBIRASRTLLALLEALXLXEXELLALAEXE LSS EREL SRR ERREES
C

SUBROUTINE TFRCT(LUsMCyMNsABTEST» IR»ISNeBTFA+BTFS»

+ PTIFL13.,BTF14)

[+

IMPLICIT INTEGER (1)

THE TRANSIT FORECAST MUDULE DETERMIMES THE NUMBER OF DAILY LOADED
AND BALLASTED TRANSITSs AND INCLUDES PLEASURE CRAFT AND ICE LOCKAGES

sOo0o0e

COMNON /CALCOM/ ADDTRN(6+12+2)+CARGOP(6+2080) 0
+ CTRANC(S912+4) 1CTRNPM(6912+2)9EXTPT(692+80)9HRB(1404+6)
+ THLOCK(12+2+4)9VBA(14912+4)

COMMON /MINARY/ PASEFT(6012)+CCCE932)»DFA(L1404)DISTN(2+68)

+ ENPTY(6912)9FILL(8012)FLEETN(6¢12)9FLOAD(S) +HRSYR(S)

+ PO(B0s12)REDFT(12) s TDF(12934) s TRIPYR(6912)9VSM(12:6)»

+ WDIST(6)92ZBHF(12)9yADDPCT(6012)»LAPINC(12)

COMMON /PRELIM/ IIT(3)9ISESC4)»ILTH(I)

COMMON /DAT1/ BTF(14+4),CAREX1(6+2+80)CAREX2(6+2,80)
+ DATHC(14)+DINCS4+4) BIST(S)
+ EXTP1(6+¢2¢80)+EXTP2(6+2+80)
+ IZBH(12)+LYEAR(BO)»ODAYS(12)+sPCRF(14,2)+SCOST(12)+STDEV(1291204)»
+ TLIML2¢1292+4)»TLTHL3(1252+4) ¢ TURNBK(4) ¢ UNLDADC(12) ¢ XCAP(12)»
1 + XSHIP(12),2ZB(12)+GMAL(12),6LOAD(12)
COMMON/QUECOM/CAGOCL(6+12) rDBTRN(12+3114)»DLTRN(12+3414)»
+ DM(14)9DT(12+3014) 2 IDBTRN(1253)»ICTRNP(6921252)» IDLTRN(12+3) ¢
+ IHRS(14)+ILTR(3»12)+IRHOC4914)»ISDEV(A+2+114)9ISYSTM(14)
+ ITLTR(3+12)sITHCST(15012+4)»ITHCYC(492,14)2ITOT(393)
4+ ITOTC(256) v IVTLST(1203)9QUECA92¢14)sTOTDB(3+54)9TOTDL(3+14)»
+ TOTDT(3914),WTAM(492714) s XDBTRN(12¢2) o XDLTRN(12+2)
COMMON/Q/ARTAR(12+2) rAKTCL(2) +ARTPOE (2) yAVGVAR(492)
CAPCTY(4¢2)+CUTF(492)»DTLOCK(4+2) »LNAXC12) s LMIN(12)y
HONRAY(14)7POEAR(12+2)»POECL(2) yRAMDA(492) yRHO(4+2) »RPHCL(2)»
SABAR(12+2)1SDEV(4r2)»SHIP(12+4)+S00AR(4912,2) ¢ TBAL(14+12)
TOALT(12)+TDCST(A512)» TDFCX(Se4) > TINES(14)yTLOAD(14+12)
TLOADT(12) y THCYCL(492) s THEANCA» 2) v TTI(14),
VARTM(4+2) s TLOCKM(4+2) y DAVAR(12,2)

LR R R K

4 TOTAL=O
DO 59 LC=4sLU
IF( MN.EQ.4 ) TLOADT(LC)®0
3 IF( MN.EQ.4 )TBALT(LC)=0
DO 47 ND=1,2
TCTR=0,
TLOAD(MNsLC) =0
TBAL (MN+LC)=0
) DO 48 MCwisé
r TCTRTCTR4CTRNPH(MCoLCIND)

48 CONTINUE
DPLIRNC(LC,NDsNN)STCTR/DM(NN)
3 a7 CONTINUE ’
2BHF (LCI=ZB(LC)

C BALLAST TRANSIT CALCULATIONS
ENPTY20DLTRNCLC e L o MN)~LLTRNC(LC» 2/ MN)
IF( APB(DLTRN(LC»3sMN)) LE.ABTEST .OR. ABS(DLTRN(LC»2»
+ M) LLE.ABTEST ) ZBHF(LC)=0
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IFC ENPTY2.GE.0.0 2GOTO 731
DBTRN(LC 1 oMN)=—ENPTY2+(DLTRN(LCr2/MN)

+ +EMPTY2)8(1.0=-2ZBHF (LC))
DBTRN(LC»2/ MM s (DLYRN(LC+ 2o MN) 4EMPTY2)
+ 2(1.0-ZBHF (LD))
GOTO 732

731 CONTINUE -
UBTRNC(LC» 2o MN) wEMPTY24 (DLTRNCLC» 1o MN) -

+ EMPTY2)8(1.0-ZBHF(LC))
DBTRN(LCr 1y MN)=(DLTRNC(LCr 1 1 MN) ~ENPTY2)
+ 2(3.0=-2ZPHF (LC))

732 CONTINUE
IFC¢ IR.NE.$.OR.ISN.NE.S ) GOTO 733

C INCORPORATE TRAFFIC BlAS
TF( MNJEQ.4 )DBTRN(LC, 2, MNISDBTRN(LC 12, MN)B(1.04¢BTFQ)
IFC MN.EQ.S )DBTRN(LC»2/)MN)eDBTRN(LC,2/MN)S(1.04BTFS)
TF( MN.EQ.13 )DBTRN(LC2+MN)=DBTRN(LC»2+sMN)B(1.0-BTF13)
IFC MN.EQ.14 )DBTRN(LC»2/MN)=DBTRN(LC/»2/NN)S(3.0-BTF14)
GOTO 734

733 CONTINUE

IF(MN.GE.4,AND . MN.LT.13)DBTRN(LCr2,MN)=

+ DBTRN(LCs2¢MN)X(1.04BTF (MNs ISN))
IFC(MN.LT.4.0R.MN.GT.12))DBTRN(LC»2, MN)=
+ DETRN(LC2/MN)R(1.0-BTF(MNs ISN))

734 CONTINUE
59 CONTINUE

[
€ INCLUDE PLEASURE CRAFT aND 1CE LOCKAGES
DO 50 ND=1,2
DBTYRNC(3»ND»MN)=PCRF (MN»NIT)
DLTRN(3+NDyMN) =0
NO 49 LC=3,LV
TOTAL=TOTAL+DLTRNC(LC»NUsHN) +DBTRNCLC/ NDyMN)
Ay CONTINUE
50 CONTINUE
DO 33 LC=4sLlV
TLOAD(MNsLCI)=TLOAD(MNo LLIFDLTRNC(LCr 1 o MN) $DLTRN(LC» 20 HN)
TBAL (MNsLC)STRAL (MNoLC)+UBTRNCLC» 1+ MNI+DBTRN(LC» 2+ MN)
TLOADT (LC)=TLOADT(LC)+TLUAD (NN LC) XDH(MN)
TBALTI(LC)Y=TBALTILC) +TPAL (MN»LL) SDM(MN)
IF(MN.NE.3)G0 TQ 737
GLOAD(LC)=TLOADT(LD)
GBAL(LC)=TBALT(LL)
IFLABS(GLOADILE) ) .LE.ABTESTIREDFTILL)Y=1.0
IF (ABS(GLOAD(LC)) .LE.ABTEST)GO TO 92

C CALCULATE THE FLEET REDUCTION FAUTOR AND THE ACTUAL FLEET
REDFT(LC)=GBAL(LC)/ (GPAL (LL) +BLOAD(LL)+0.5
v2 CONTINUE
DO S8 MC=1,6
SHIP(LCsMC)aFLEETN(NC,LC)SREDFT(LC)
%56 CONTINUE
737 CONTINUE
5% CONTINUE

[
RETURN
END
[
[ P22 i2 2 ettt iR sid ittt it etistiedstisddsssssysy
©
SUBROUTINE DISPCH(MNsLU/+ IS»ISW»JCY»KHOPOE» DATM)
c
INPLICIT INTEGER (I)
C
o
C THE SHIP DISPATCH MODULE DISPATCMES SMIPS 10 THE 4 SO0 LOCKS
€

COMMON/QUECOM/CAGOCL(6912) »UBTRN(12s3914)¢DLTRN(12:3114)
+ DMCL4)oDT(12¢3914)0 1DBTRNC12,3) v ICTRNP(6712+12)9IDLTRN(12+3)»
+ IHRS(14) 9 ILTR(3¢12)9»JKHOCA4914) 9 ISDEV(4+2+14)9ISYSTM(14),
+ ITLTR(3+12)s ITHCST(15912+/4) 9 ITHCYC(4+2+14)ITOT(30e3)
+ ITOTC(296)9ITTCST(12,3)+UUE(452914)»TOTDB(3+14)+TOTDL (30 14)
+ TOTDT(3»14)sWTAM(4¢2¢14) ¢ XDBTRN(12+2) 9y XDLTRN(12+2)
COMNMON/Q/ARTAR(125 2) s ARTLL (2) +AKRTPOE(2) 1 AUGVAR(412)
CAPCTY(4+2)sCUTF(492) s UTLUCK(4¢2) sLMAX(212) s LMINCE2)
MONRAY (14) sPOEAR(12¢2) 1 POECL (2) sRAMDA(4+2) yRHOCA»2) s RPMCL (2)»
BABAR(12+2) 1SDEV(4+2) 9SHIP(1216)+SO00AR(4¢1252) 9 TRAL(14512)»
TBALT(12) 9 TDCST(4012) ¢ TDFCX(Sr4) s TIMES(14) s TLOAD(14012),
TLOADT(12) s THCYCL(492) s YHEANC4+2) 2 TTI(14)
VARTM(4+2) 9 TLOCKM(4+2)» DAVAR(12+2)
DINENSION CL(4+2)/ROE(4¢2) 9ARDIF (392) +RPLCL(3+2)+DATNC(14),
+ TRNBL(4912¢2)9 TRNLD(4+1272) 1 TRANSB(4+12+2)+TRANSL(4+12,2)

 h e ree

[
IF (LU .GE. 11) GO TO 8201t

c
C DISTRIBUTE SHIPS WETWEEN THE POE AND MACARTHUR LUCKS
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DO 120 ND=1,2
ARTCL (ND)=DLTRN(7»ND+»MN) $DLTRN (6 ND»MN) +DLTRNC( S+ NDs NN)
POECL(ND)SOLTRN(SoND+ MNI $DLTRNC Py ND»MN) $DLTRNC10+NDy HN)
+ +DLTRNC(11,NDoMN)+DBTRN(PsND s MN) +DBTRNC 1O ND» NN) ¢
+ DBTRN(11+NDsMN)
IF¢ TLOCKM(2>ND).EQ.O0 ) TLOCKM(2¢ND)=0.0000001
IF( TLOCKM(3+ND) .EQ.0 ) TLOCKM(3I)ND)=0.0000001
ARTPOE (ND Y= (ARTCL (ND)#TLOLKM(2/ND ) ~POECL (ND)STLOCKN(3sND) )/
+ (TLOCKM(3sND)+TLOCKM(2:ND))
IF (ARTPQE(ND) .LE . 0. )AKTPOE(ND)=Q,
RPNCL(ND)=0.
IFCARTCL(ND) .GT. 0. )RPHCL(ND)=ARTPOE (ND) /ARTCL (ND)
IFCISW.EQ: 1. AND. JCT.NE.O) RPMCL(1)wRPMCL(1)-0.1
IF(JS.EQ.1.AND.RHO(2v 1) .GE,RHOPQE) RPMCL(ND)=0,
IF(RPHCLAND) .LE.Q.) RPHCL(ND)=O,

COMPUTE TYHE SABIN AND DAVIS LOCK AKRIVALS
COMPUTE WACARTHUR LOCK ARRIVALS
COMPUTE POE LUCK ARRIVALS

oocoe

DO 140 LC=3sLU
SABAR (LC»ND)=UBTRNC(LC»ND»MN)
1F(LC.EG.4)SABARC4INDI=DBTRN(4oND s MN) DL TRNC 4+ ND » MN)
IF(LC.GT.8)SABAR(LC,ND) O

ARTAR(LC /ND) =DLTRNCLC» NNy MN)I 8 (1. -RPMCL (ND) )
IF(LC.EQ«3)ARTAR(LC ND)=DBTRN(3s» NDsMN)
IF(LC.EQ.4)ARTAR(LCIND ) =0,
IF(LC.GT.72)ARTAR(LCINDI =0,

POEAR(LC oND)=DLTRN(LCyND+»MN) +DBTRNCLC v ND v MN)
IF(C LC.EQ.8 ) POEAK(LLYND) = DLTRN(LC+NDsNN)
IF( LC.EQ.4 YPAEAR(LCNU)I=0,
IF(RPHCL(ND).LE.O.)RPHCL(ND)=0,
IFCLC.LT . 8.AND.LC.GT.4)POEARCLC NDISDLTRNC(LC +ND/HN) S
+ RPMCL (ND)
140 CONTINVUE
120 CONTINUE
IF(LU.LE.10) GO TO 8224

€ ALLOCATE SHIPS THROUGM THE EXPANDED S00 LOCKS
c

8201 CONTINUE
ILOCK= 3
IF (LY .GE. 12) ILOCK= 2
00 8202 ND= 1,2
DO 8204 I= 1,4
DO 8216 LC= ArLU ’
TRNLD(I'LCyND)= 0.0
TRNBL(I»LCIND)= 0.0
8216 CONT INUE
8204 CONTINUE
DO ©#214 LC» 4LU
IF (LC .EQ. 4) TRNLDC(1»LCoND)= DLTRNCLC/NU»MN)
IF (LC LE., 8) TRNBL(1/LC'ND)®» DBTRN(LCNDyMN}
i IF ¢(LC .GE, S (AND. LC.LE.7)TRNLD(2,LC)ND)=ULTRN(LCINDsMN)
IF (LU (GE. 12 .AND. LU .EQ. HB)TRNBL(3IsLCIND)=TRNEL(1+LCsND)
IF (LU .GE., 12 .AND. LC ,EQ@. 4A)TRNLD(2,LC)ND)=TRNLD(1+LCND)
IF (LU GE. 12 .aND. LC .LE. 7)TRNBL(2,LC+ND)=TRNBL(1+LC+ND)
IF (LU ,GE, 12) TRNBL(1+LC'ND)= 0.0 .
IF (LU .GE., 12) TRNLD(1,LCsND)= 0.0
¢ IF (LC .GE. 8.AND. LC (LE,LO)TRNLD(3I+LCoND)= DLTRN(LCsND+MN)
IF (LC .GE. 9 +AND., LC LE.20)TRNBL(35LCs»ND)=DBTRN(LC/NDsNN)
IF (LC .GT. 10) TRNBL(4+LL»ND)w DBTRN(LC,ND/MN)
IF (LC .GT. 10) TRNLD(4»LCsND)= DLTRNCLCsNDsMN)
H214 CONTINUE
8219 DO 8217 LKS= ILOCK+4
CL(LKS*ND)= 0.0
82127 CONTINVE
DO 0218 LKS» ILOCK.4
DO 8221 LC= 4,LY
CL(LKS+ND)=® CL(LKS+ND)+TRNLD(LKS»LC»ND)+TRNBL (LKS+LCoND)
9221 CONTINUE
8218 CONTINUE
C CALCULATE LOCK UTILIZATIONS
00 8203 INDVLK= I;OCK:‘
ROE ( INDULKsND)= CLCINDVLK s ND)STLOCKMNCINDVLKsND) /7 (DATM(MN)
4+ 240.0)
9208 CONT INUE
NROE= 0
DO 6206 INDULK= ILOCK,3
INDs INDULK+1
DIFROE» ABS(ROE(INDVLK:ND)-ROE(IND/ND))
1F (DIFROE .GT. 0.00%5) NKOEe 1
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H206 CONTINUE
IF (NROE .EU. O0) GO TO 8207
C IF THE LOCK UTILIZATIONS AKE NOT EUWUAL CALCULATE THE WEIGMTED
1 ARRIVAL DIFFERENCES
DO 8208 LKDIF= JLOCK,»3
IND= LKDIF+1
ARDIF (LKDIF sND)w (CL(LKDIF»ND)STLOCKM(LKDIFsND)=-CL C(IND/ND)
+ BTLOCKMCINDND) )/ (TLOCAM(LKDIF ¢ ND)+TLOCKMC(INDIND))
IF (ARDIF(LADIFsND) .LE. 0.0) ARDIF(LKDIF:ND)= 0.0
¢ CALCULATE THME REPLACEMENY FRACTION
RPLCL(LKDIFsND)®s ARDIF (LKDIF+ND)/CL(LKDIF +ND)
4208 CONTINUE
C CHECN TO SEE IF MAXIMUM REPLACEMENT H&S OCCURED
MAXRP= O
DO 8209 LKDIF= ILOCK,»3
! IF (RPLCLC(LKDIFsND) .GE. 0.003) MAXRP= 1
6209 CONTINUE
IF (MAXRP .EQ. 0) GO TO 8207
i RE-ALLOCATE SHIPS TO EQUALIZE LUCK UTILIZATION
D0 8222 LC= 4,LU .
D0 8223 LKS= ILOCK»3
TRANSL(LKS+LCoND)= TRNLD(LKS»LCoNDIBRPLCL(LKSND)
TRANSB(LKS»LCsND)® TRNBL(LKS+LLCsND)SRPLCL(LKSND)
TRNLD(LKSLC+ND)= TRNLD(LKS¢LCosND)=-TRANSL (LKSsLCIND)
TRNBL (LKS)LCsND)= TRNPL (LKBsLCsND)-TRANSB(LKS+LCIND)
9223 CONTINUE
DO 8224 LKS= ILOCK.3
LKS1= LKS+1
TRNLD(LKS1+LC+ND)=TRNLD(LKS1sLCyND) $TRANSL (LKSsLL/ND)
TRNBL (LKS1+LCIND)=TRNBL(LKS1»LCIND)+TRANSB(LKS+LC/ND)
8224 CONTINVE
8222 CONTINUE
GO 10 8219

COMPUTE THE LOCK ARRIVALS

SABIN LUCK (IF MAXIMUMN SHIP CLASS EQUALS 11)
MACARTHUR LOCK

POE LOCK

NEW DAVIS LOCK

cocaoncne

8207 CONTINUE
TRNML(1+9¢/ND)= TRNBL(1,8,ND)+TRNBL(2,8sND)
fRNBL(2+8/ND)= 0.0
DO 8225 LC= 4,LU
SABAR(LC/ND)= TRNBL(1oLC/ND)+TRNLD(1+LCrND)
ARTARC(LCND)= TRNBL(ZsLLIND)+TRNLD(2,LCoND)
PUEAR(LCYND)» TRNBL (3+LC)ND)+TRNLD(3sLCrND)
UAVAR(LCoND)= TRNBL(4+LCH)NDI)+TRNLD(4:LCIND)
H22S CONTINUE
ARTAR(3+ND)= DBTRMN(3+NDsMN)
8202 CONTINUE
8226 CONTINUE

c
RETURN
END
Cc
C SXXEXRATIREREXLXSLRESXLARELARRLRAARSERERTLLLLELILEIEERAANLS
C
SUBROUTINE CYCLTM(LKoLU» I5+MN»RHOCAP » RHOMAX » RHUPOE » TMCY s VARTNB )
c

IMPLICIT INTEGER (I)

THE LOCK CYCLE TIME MODULE CALLULATES THE MEAN LUCK LYCLE TIME
AND ITS VARIANCE

oo

COMMON /CALCOM/ ALUDTRN(4¢1292)+CARGOP(6+2180)»

+ CTRAN(S112+4) 1CTRNPM(E212+2) s EXTPT(602/80)/HRS(140496) 0

+ THLOCK(12+12/4)9VSA(14912+4)

(COMMON /DAT1/ BTF(14+4)yCAREX]1(8+2+80)+CAREX2(6+2+80),

+ DATH(14)+DINC14+4),UIST(6)

+ EXTP1(48+2+100)+,EXTP2(6¢2+80)»

4+ IZPH(12)LYEAR(BO)»ODAYS(12)+yPCRF(14+2)+8COST(12)+,STDEV(12:2+4),
4 TLTML2(12+2,4) s TLTMLI(12+2+4) s TURNBK(4) sUNLOAD(12) 9 XCAP(12)»
4 XSHIP(12)+ZB(12)+GBAL(12)+GLOAD(12)
COMMON/GQUECON/CAGOCL (6912) yDBTRNC(12+3¢14)+sDLTRN(212+3014)

+ DM(14)sDT(12+3+14)+IDBTRN(12+3)»ICTRNP(8912:2)+IDLTRN(12+3)
4 JHRS(14) 1 ILTR(3+12)0IRHOCA+14) 9 ISDEV(4+2+14)91SYSTMN(14)»

¢ JILTR(3,12)+ITHCST(15+12+4)s ITHCYC(412+14)+IVY0T(303)

4 1T0TC(2+46) 9 ITTCST(12¢3)»QUE(4+2214)+TOTDB(3+54)210TDL(3014),
¢ TOTDT(3+14) s WTOM(A+2514) o XDBTRNC(12+2) 9 XDLTRN(12+2)
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CUMMON/Q/7ARTAR(12+2) 9 ARTCL (2) 2 ARTPOE (2) 1 AVGVAR(492) ¢
CAPCTY(4:2)oCUTF(4:2) s DTLOCK(402) 1LRAXC12) s LNINCI2)»
MONRAY (14) +POEAR<1212) s POECL (2) +KAMUA(4,52) yRHOC A0 2) 1 RPHCL(2)
SABAR(12+2) +SDEV(402)18HIP(12,6)+500AR(4:1202)11BAL(14012)¢
TBALT(12) e TDCST (M0 12) 9 TDFEX(S14) o TIMES(14)»TLOAD(14+12) s
TLOADT(12) s THCYCL(4+2) » THEAN(422)»TTI(14)
VARTN(4+2) ¢ TLUCKM(4+2) 1 DAVARC1222)

L AR X R 3

DO 210 NP1e2
DTLOCK' LKsND)»Q
D0 170 LCs3sLU
IFC IS.NE.1)GO TO 174
IF (LU .LE. 11 .AND. LK (NE. 1) GO TO 174
IF (LU .GE. 12 .AND. LK .NE. 2) GO TO 174
IF (LU .GE, 11) GO TO 1174
SO0AR(1+LCIND)ISARTAR(LCsND?
SOUAK(2,LLCeND)=POEAR (LCsND)
S0UARC3I»LCIND)= SABAR(LC»ND)
GO T0 174
1174 IF (LU .EQ. 11) SOOAR(1sLUsND)= SABAR(LC/ND)
IF (LU .GE. 12) SOOAK(1/+LCoND)= 0,0
SOOAK(2+1LLeND)m AKTAK(LC/ND)
SO0AR(3+LCrNL)= POEAR(LCYND)
SO0AR(4:LCrND)s DAVAR(LCYND)
174 CONT INUE
IFC IS.EQ.1 .OR. LK.EQ.2 )GO TO 175
SOOAR( 1y LLINU)ISULTRN(LCyNDyMN) +UBTRN(LC/NDINN)
SO0AR(2,)LLNVI=S00AR(19LCIND)

175 CONTINUE
DTLOCK(LKsND)=DTLOCK (LKeND) +SO00AR(LKLCoND)
190 CONTINUE

5
C CALCULATE THE VESSEL AKRIVAL KATE
KANUA(LKyND)=DTLOCK(LKsND) /7 (DATH(MN)860.)
TREAN(LKyND)mQ
TVAR=0.
IF(DTLULN(LK'ND).LE.0.)GO TO 735
J=1
IFCIS.NE«1)JaLN
IFC(IS.EQ.1.aNV.LK.LE 2)J=2
IF (IS .tG. 1 .AND. LU .GE. 11) U= LK

o

CALCULATE THE UNE WAY MEAN LOCKING TIME AND ITS VAKIANCE
D0 220 LC=3,LU
THLOCK (39ND» J)=THLOCK (4¢ND» J)
STHEV(3+ND» J)®STIEV (490D v J)
THLA=SO0AK (LA LU s ND)STINES(MN) STHLOCK(LCNDv J)/
K + DTLOCN (LN NL)
THEANC(LKyND)sTHEAN(LKyND)+THLK
VAR2S00AR(LA+LCyND)SSTDEV(LL/ND 1 J)#82/DTLOCK (¢
+ LRoND)
TVAR=TUAR+VAK
220 CONTINUE
TURN=0.
DO 212 Ll=3,LY
VRN= (THLOCN(LCoNDy J)-TREANCLK yND) ) 8828S00AK (LK

+ LCyND) 7DTLOCK (LK o NT)
* TURN= TURN+VRN
412 CONTINUE
AVGVAR (LK ND) » TURN+ TVAR
735 CONT INUE

210 CONTINUE

€ CALCULATE THE HEAVY BALANCED' LOCK CYCLE YIME

HELCT=THMEAN(LK s 1) 4+ fHEAN(LK,2)
B0 240 ND=1,2

4 RHOCAP=RHOMAX

! IF(IS.EQ.1.AND.LK.EG.2) RHOCAP=RHOPOE
3 IF(ND.EQ.1)N1=2

. IF(ND.EQ.2)NI=}

IF (DTLOCK(LK/ND).LE.0.)G0 TO 230
THCY=THEAN (LKoND)+TURNBX (LK) =¢{TMEANCLKNI)
+TURNBK (LK) ) S(RAMDA(LK» NI ) STURNBK (LK) =RANDA(LK»
NI)STHEAN(LK/NI))
THCYCL(LN»ND)= INCY/7 (1.~ (RANDACLK /NI ; STURNBK (LK)~
RAMDA(LK o NI ) RTHEAN(LK ¢ ND) ) S{RANDA (LK +ND) S TURNBK (
LK)=RAMDA (LK ND)BTHEANC(LEIND) ))
IFCTMCYCL(LKeND) o GT (HBLCT) TMCYCL (LN+ND)=HBLCT
CAPCTY(LKsND) =60 SKHOCAPRDATM (MN) /HBLCT

++ +o

C CALCULATE LOCK UTILIZATION
RHO(LK o ND) =kAMDA (LK ND) 8THCYCL (LK ND)
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C IF NECESSARY: BRING DAVIS LUCA INTO OPERATION
IF (IS .EQ. 1 .AND. LU UE. 11) GO VO 233
IF(LN.EQ.3.AND.RHOC(LN»ND) .BT .0.7)RANDACLAIND)» .

+ RAMDA(LKIND) 72,
IF(LN.EQ.3.AND RHO(LK/ND) .GT .0.7)RHO(LKIND) =
+ RHO(LAN/ND) /2,
231 CONT INUE
CUTF(LK'ND)=1.0

C IF CAPACITY [S REACHED: LU( UFF (RANSITS
IF(RHO(LKeND) (L F.KHOCAP)GO TO 230
CUTF (LK +ND)=RHOCAP/RHO(LK ¢ ND)
RANDACLA »ND ) skHOCAP/THCYCL (LK ND)
RHOCLA 1 ND) SRAMDACLKoND)STHCYCL (LKoND)
230 CONT INUE )
240 CONTINUE
IFCUTLOCK(LK»1)LE.O.OK.DTLOLK(LK#2).LE.O)GO TO 234

C CALCULATE THE VARIANCE IN THE LOCN CYCLE 11ME

VARTH(LA ¢ 1) ®AVGVAR (LA 1)+ (1-RHO(LK»2))3%2.0

+ BVARKTNE+RHO (LA » 2 ) SX28AVGVAR(LK » 2)
SDEVI(LKs 1 )=VARTH(LA»1)550.5
VARTM(LA» 2)2AVGVAK (LK 2) +(1-RHO(LKr1))%32.0

+ BVARTNEB4RHO (LN 1) B828AVGVAR(LK ¢ 1)
SDEVI(LK»2)=VARTN (LK, 2)8%0.5

234 CONTINUE

RETURN
END
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SUBROUTINE WUEMOD(LK»MN»1IS»CALFACILU)
IMPLICIT INTEGER (ID

THE QUEUEING MODULE CALCULATES THE QUEUE LENGTH AND THE WAITING TIME

can

COMMON/QUECOM/CAGOCL (62 12) s IBTRN(12+s3+14) 9 DLTRNC(12¢3+14)
+ DM(14)eUT(12+3+14) ¢ IDBTRN(12:3)+ICTRNP(6912:2)+IDLTRN(129¢3)¢
+ IHRS(14) /) ILTR(3+12)+1RHOCA+14) s ISDEV(4+2+14),ISYSTH(14)
+ ITLTR(3+12)rITHCST(1Se3204) ¢ ITHCYC(492014)01T0T(313),
+ ITOTC(2¢48)2 1 ITTCST(L1203) s LWUE(4¢2+24) 1 TOTDUB(3+14)9TOTDL(3914),
+ TOTDT(3+14) rWTAM(4» 291429 XDETRN(1292) » XDLTRN(12:2)
COMMON/Q/7ARTARC1292) s ARTCL (2) 2 AKTPOE () r AVGVAR(4:2),

CAPCTY (49 2)sCUTF (422) s UTLUCK(492) s LMAX(12) s LMINC12),

MONRAY (14) s POEAR(1292) s FOECL(2) yRAMDAC492) 1RHO(492) 1RPHCL(2) s
SABAR(12+12)+SUEV(422) s SHIF(12:6)+S00AR(4512+2) 9/ TBAL(14+12)
THALT(12) ¢ THCST(4912) 2 (DFCX(S14) s TIMES(14)»TLOAD(14+12)
TLOADT(12) » THCYCL (492) s YMEAN(402)2TTI(14)
VARTM(4,2) s TLOCNM(402) s DAVAR(12+2)

Farararaes

DO 242 NGL=1,2
IF(DTLOCK(LK»1).LE.O.OR.DTLOCK(LK»2).LE.0)GO TO 233
WTCa(RARDA(LK s ND) 28 28VARTH (LN yND ) )+RHQ (LN sND ) 882
WTQM(LK s ND»MN) ol TU/ (RAMDA(LKIND ) X2.5( 1 .0-RHO(LK/ND)))
QUE (LK/ND o MN) sWTUM (LK » NI e MN) SRAMDACLK »ND)
| WTAMC(LKoNDe MN) =WTAM(LK ¢ ND2sMN) 760,
: GOTO 942
: 235 CONTINUE
[ THCYCL(LN/ND)>=0.00000001
WTAM(LK+ND+MNI=O,
) QUE (LK s ND» MN) =0,
. RHO(LKs NI =0,
‘ CUTF(LKsND)=0,
CAPCTY(LK»ND)=O,
VARTH(LKsND)=O.
SUEVILK,ND)=O,
v42 CONTINUE

¢
C MULTIPLY THE WAITING TIME BY THE NUMBER OF NON-CONSTRAINING LOCKS
IFCIS.NE.§ AND.LK.EQ.2)W1OM(LKsNDs HN) sWTAMCLK »ND» HN)
+ SCALFAC '
IFCIS.NE.1.AND.LK.EQ.2)QUE (LK yNDs MN)=QUE (LK s ND s AN) & .
+ CALFaAC )
ITACYC (LK ND» MN) = THCYCL(LKsNDI 40, S
, ISDEV(LKsNDs MN) =SDEV(LK »ND) 0.5
i IFCIS,NE.1,AND.LK.EQ.2)G0 TO 243

€ IF MAXIMUM LOCA UTILIZATION IS REACHED» CUT OFF THE TRANSITS
00 250 LC=3,LU

SO0AR(LKsLCIND)=SOOAR (LK sLC»NDB)BCUTF (LKsND)
2950 CONT INUVE
443 CONTINUE
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242 CONTINUE

[y}

RETU.N
END

SXXXEACEEEEREBREE AL EBETERRALARLLXBRSLER AT SEEBEBLBEXSLSRBERUES

00

SUBROUTINE CARTUN(LULKeMN+ IS+ SYSFACSYSADD»SYSTIM» IROSUM)
INPLICIT INTEGER (1)

THE CARGO TONNAGE MUDULE CALCULATES THE PRUJECTED
AND THE ACTUAL CARGO TUNMAGES PROCESSED BY THE LUCKS

ceO00e

COMMON /PRJCOM/ IPCARG(3+15915)+PCARG(3015+6)

COMMON /CARGCM/ CAGOCM(6014)+S0K(12+12584)

COMMON /CALCOM/ ADDIRNCE11202) 1CARGOP(6¢2080) ¢

+ CTRAN(891204)9yCTRNPMCE01292)1EXTPT(602+80)1HRE(141496)

+ THMLOCKN(1212+14)¢VSA(14+12:4)

CUMMON /MINARY/ BASEFT(6+112)¢CC(6012)¢DFA(1404)sDISIN(2:6) ¢

+ EMPTY(6512)oFILLCOr22)oFLEETN(6012)+FLOAL(S) 1HRSYNC(E) ¢ .
+ PO(BO212)sREDFTCLIZ) o IDF(12/14) v TRIPYR(SHv12)91VEM(1206)0

+ WUIST(6)+ZRHF(12)»AUDFCT(6912) e CAFINC(12)

COMMON /QUECONM/ CAGOCL(6012)+DETRN(12+3+14)2DLTRN(12:3v14),

+ DMC14)eDT(1293914) 2 JDBTRN(L1Z03) v ICTRNF(6+12+2)»JDLTRN(1223)

+ JHRS(14)+ILTR(3¢r12)+IRHOCA4r14) 1 ISDEV(4+2:14), ISYSTH(14),

+ JITLTR(3+12) o ITHMCST(15022¢4)01iMCYCC(A492+34)¢ITOT(303)»

+ JTOTC(2+6)+ITTCET(12¢3)9QUE(4¢2¢34) TOTDE(3+14)¢TUTDL(3e14)

+ TOTDT(3+14):WTON(4¢2:14) s XDBTRN(12+2) ¢ XDLTRN(12,2)

COMMON/Q/ARTAK(1222) sARTCL(2) 1 AKTFOE(2) r AVGVAR (402) »

+ CAPCTY(472)sCUTF(A22)sDTLOCK(4+2) s LMAX(12) e LMINC12)»

+ MONRAY(14)+POEAR(12+2)+POECL(2)sRAMDA(4v2) +RHO(492) rRPMCL(2)»
+ SABAR(12+2)+SDEV(492)2SHIP(12+6)+SO00AR(49¢1292)¢TBAL(14¢12)
+ TBALTC(12)2TDCST(4¢12)TDFCX(S5+4) s TIMES(14) +TLOAD(14¢12)
+ TLOADT(12) s THCYCL(A+2) s THEANCA+2)sT(I(24)
4+ VARTM(4+2) s TLOCKM(492) s BAVAR(12+2)

DIMENSION IROSUM(4)

TCAGO=0.
DO A50 MC=1,6
CAGOCH(MC s MN) =0
VO 2349 ND=192
FCARG(ND MMy NC) =0
2349 CONTINUE
PO 2312 LC=4rLU
CAGOCL(MC/LC)I=0
V0 2313 ND=1,2
LK=1
IF(IS.NE. 1) GO TO 2764
IF(LU.LE.10.AND.LC.GE.B) LK»2
IF(LU.GE.21.AND.LC.LE.?) LK=2
IF(LUGE.11.AND/LC.GE .&) LK=3
IF(LU.GE.11.AND.LC.UE.11) LK=4

2964 ACARGO=CTRNPH(MCLCoND)ISCC(MC/LCIBCUTF (LKPND)
CAGOCL (MCsLLC)=CAGOCL (MCsLLC) +ACARGUSFLOAD (MC) :
2313 CONTINUE

CAGUCL (MC+LC)=CAGOCL(MC/LC)>/1000.
CAGOCH(MC+MN)=CAGUCH(MC s MN) +CAGOCL (MCsLC)
PCARG(1,MNsMC)=PCARG(1sMNsMCI4CTRNPH(NCILC2)

+ SCC(MCLCIXFLOADCMC) /1000,0
PCARG(2sMNsMC)=PCARG(2s NN MC)+CTRNPN(NCLC 1)
+ SCC(MCLC)IRFLOAD(MC) /1000.0

2312 CONTINUE
PCARG(3+MN»MC)=PCARG( 1+ HN+»NC) +PCARG( 2+ MNs NC)

4%0 CONTINUE .

00 2314 LC=4arLU

SOR(1,LC»MN)=SO0ARCL+LCr2)
SOK(2sLCoMN)®SO0ARC1,LC» 1) 3
SORC(A¢LCoMN)I*SO0AR(2,LLr 2) k
BOR(SsLCIMNI®SO0AR(ZsLCr1) ‘7

o

SOR(7sLCIMNISSOUAR(ISLL»2)

SOR(8+LCrHN)=SO0AR(3oLCr1) !

SOR(10sLCrMN)® SUCAR(4sLCr2) i

SOR(11+LCeMN)= SOOARC4A.LCr1) b

PO 2237 MC=1,6 ;
ICTRNP (MCeLCr 1)@ ICTRNP (MCoLCr 1)+ IFIX(CTRNPN( H

+ MCiLCr»2)40.5)
ICTRNFP (MCeLCo2)mTCTRNP(MCoLCo2) 4 IFIXCCTRNPNC
+ MCsLCr1)40.35)

2237 CONTINUE f
2314 CONTINUE l

IF ¢1S +EG. 1 .AMD. LU .GE. 12) GO TO 2241
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IKHOC(1+MN) = RHO(1/+1)8100+0.5
IFC RHOU3+2).GE.RHOC1¢1) ) IRHOC1/MN)=RHO(1:2)810040.5
2241 IRHO(2,AN)=RNO(2:1)8100+40.5
IFC RHO(2+2) .GE.RHU(Z11) ) IRHO(2)MN)=RMO(2+2)810040.5
IF(IS.NE.1)GO TO 964
IRHO(3+MN)=RHO(311)810040.3
IFC RHOC3+2).BE.RHO(3v1) ) IRHOC(3IsNN)=RHO(3+2)810040.5
IF (LU .LE. 10) GO TU 991
IRHO(49snN)w RHO(A4+1)810040.3
IF (IRMO(4+42) GT. IRMHO(4,1)) IRHOCA)MN)= RHO(4:2)810040.5
GO T0 991
964 CONTINUE
SYSTUP=TINCYCL(1121/120.48YSFACBTNCYCL(2+2)/120.+8YSADD
+ FUTONC(L 9 2y MN) +HTUMC 20 2)MN)
SYSTDN=TMCYCL(191)/120.4+SYSFACSTHCYCL(2+1)/120.+SYSADD
+ FUTOMCI» 2o MN) U TUN(Zr 12 MN)
ISYSTH(MN)w (SYSTUP4SYSTDN4SYSTINETTI(MN))40.5
SYSQUE=(QUE(1¢ 1/ MN)$UUE (12 2:MN)+QUE (2, 1 s MNIHQUE (252,
+ nN» /24,0
991 CONTINUE
IF (IS .NE. 1) GO TU 2242
UD 2243 LK1= 1,4
IF (LU .GE, 12 .AND., LK1 .EQ. 1) GO TD 2243
IF (LU .LE., 10 .AND. LK1 .EQ. 4) GO TO 2243
IF (WN (GE. 6 AND., WN ,LE. 12) IRUSUMCLK1)= IRQSUM(LK:)+
+ IKHOC(LK1 v HN)
2243 CONTINUE
GO TO 2244
2242 IF (MN .GE. 6 .AND. MN .LE. 12) IROSUM(1)s JRUSUM(1)+IRHOC(1sNN)
2244 CONTINUE

RETURN
END

pi 222 bds et ittt etsddtedssedifl
SUBROUTINE UUEUE(IKNT1,LW)
IMPLICIT INTEGER (I)

SUBPROGRAM QUEUE PRINTS THE UORRECY HMEADINGS
FOR THE QUEUEING YABLES

3 FORMAT (/+43Xy24HE32X MACARTHUR LUCK ¥33%)
2 FORMAT (/148Xs 18H%8%8 FUE LOCK %x3%)
3 FORMAT (/940Xs 31H35%8 SAKIN AND VAVIS LUCKS 383%)

IF (Lu .GE. 11) GO 10 10¢
IFC INNTL.NE.1 ) GUTO 100
WRITE8+1)
GO 10 300
100 CONTINUE
IF( INNT1.NE.2 ) 6O TO 200
WRITE(B:2)
GO 10 300
200 CONTINUE
WRIIE(8,3)
GO T0 300
101 IF (IKNT1 .NE. 1) GO TO 103
WK1TE (8+204)
GO TO 300
103 IF (IKNT1 .NE. 2) GO TO 104
WRIIE (Br1)
GO T0 300
104 IF (IKNT1 .NE. 3) GO YO 105
WRITE (8+2)
GO TO0 300
105 IF (IKNT1I .NE. 4) GO TO 300
WKRITE (8+106)
204 FORMAT (/+435X, 2018882 SAEBIN LOCK %2X3)
106 FORMAT (/943X,24H88%8 NrW DAVIS LOCK s588)
300 LONTINUE

RETURN
END .
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SUBROUTINE SESONS(ISNsFACTORs CAREX»EXTP o TDINIDIN)
IMPLICIT INTEGER (I)
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SUBPROGRAN SESONS ASSIUNS THE CORRECT CARGO TONNAGE PUIENTIAL
T0 THE CARGO TUNNAGE WORKING VARIABLE DEPENDING ON THE SEASONM
EXTENSION ~

COMNON /7CALCOM/ ALDIRNC6¢12+2)9CARGOP(6+2+80)

+ CTRAN(8112+4) +CTRNPH(691212)1EXTPT(6+2+80) 1HRE(140416)
+ THLOCK(12+2+4)+VS5A(14512+4)

CUMMON /PRELIN/ I1T(3)+16ES(A)JLINCI)

DIKENSION CAREX(6+2+80)¢EXTP(8+2180) 1 UIN(I404)
00 1 IRINC=6,80,2

IFCIRINC.EQ.14) 1IR=1S
IFC(IRINC.EQ.18) GO TO 9020

yH21 IR=IRINC
y820 DO 2 ND= 1.2

DO 3 MC= 1,6

CARGOP (MCsNDs IK)= CAREX(MCoNDs IR)

INCREASE THE CARGO TONNAGE PROJECTIONS BY THE CARGO TONNAGE MULTIPL1ER
CARGOP(MCoNDs IR)= CARGOP(MC/NU?IR)B FACTOR

3 CONTINUE

2 CONTINUE

IF(IR.EQ.15) GO TO 9@2:
1 CONTINUE

GET THE DESIRED CARGU FOTENTIAL ABSIGNED TU THE WORKING VARIABLE
FOR THE CARGO POTENTIAL

TDIN=O
DO 997 nN=1+14
TDIN=TDIN+DINCMN, ISN)
997 CONTINUE

RETURN
END
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SUBROUTINE TLUCAT(TLTML,LU.IS)
INPLICIT IN(EGER (1)

SUBPROGRAM TLOCMT ASSIGNS THE COUKRECT LUCKING TIME RANGE TO
THE LUCKING TIME WORNING VARIABLE

COMMON /CALLUM/ ADDIRN(S91292)+CARGOF(692+80),
+ CTRAN(S11204)sCTRNFM(691212)»EXTPT(6+2080)  HRS(14+416)
+ THLOCK(1212+4),VSA(14112+4)

DIMENSION TLTHL(12+2+2)

DO 1 LC=4vLU
DO 2 ND=1.2
IF (1S +EQ. 1) THLOCAC(LL/ND»3)= TLTAML(LLIND»3)
IF (1S +NE. 1) TMLOCK(LC/NUs1)= TLIMLCLLNDI )
IFC IS.NE.3 ) (MLOCK(LC)NDe2)sTLTHL(LL NIy 2)
2 CONTINUE
1 CONTINUE

RETURN
END

IERIRRIXEEEEAABEEEAAASRUEREESARERNE L LRERERRSTEXZSAELLIALLERARNERAR

SUBROUTINE READIN (ISYSToIS+LUKUrFACTOR»CALFACISYSFAL,
+ SYSADD»SYSTIM+BTF4»BTFS,BTF13,BTF14¢ (DFCX» ILEBUG LARF)

INPLICIT INTEGER (I)

SUBPKROGRAM READIN READS THE APPROFRIATE DATA FILE

COMMON /CALCOM/ ADUIKN(691212) 1CARGOP(6+2+80)
4 CTRANCS+12+4) yCTRNPMCE11292) o EXTPT(612+80) v HRS(141406) ¢
+ THLOCK(12+2+4)1VSAC14,12+4)
CUNMON /MINARY/ BASEFT(4»12)9CC(6112)9DFAC14+4)1DISTN(2¢48) s
+ EMPTY (6932 1FILL(S922)+FLEETN(S+12)FLOAD(S) 1BRSYK(S)
+ PO(BO»12) 1 REDFT(12) 1 TN (12¢14) s TRIPYR(6+12)+VSH(12+4)
4 WDIST(6) 9 ZBHF (12) 2 4DUFLT(6912)9CAPINC(12)
COMMON /PRELIN/ IIT(3),ISES(4)+ILTHM(3)
COMMON /DAT1/ BTF(14+4)+CAREX1(6¢2+80)9CAREX2(6+2:80)
VATHC(14)»DINC14+4) s DIST(S)
EXTP1(6+2+80) 1EXTP2(8+2+80)
IZRHC12) s LYEAR(BO) rUDAYS(12) s PCRF (214+2)9sSCOST(12)+STDEV(12+2+4)
TLTHL2¢1202+4) o TLTMLI( 12020 4) » TURNEK (4) rUNLUAD(12) s XCAP(12)
XSHIP(12)+2B(12)+8BAL(12)+0LLOADC12)

LR KR R 3
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rr:-_

LOnNON /COMMOD/ WHEAT(80+3)+s850Y(80+3) s BLYRYE(80¢3)+CORN(HO»3),
+ O0ILSD(80:3) ¢ ALNSTN(BU 3) +AIRORE(B0+3) r RAWNAY (BU» 3)
+ COAL(80+3))PETROL(80¢3) 9 UNYBLA(B0¢3)»UENCAR(BO+3)»
+ STLPRD(B0+3)»GRAIN(BO93) 9 STUNE (80+3)»0RECB0+3)»BULK(BU13)y
+ GNCAR(80+»3)sCEMENI(HU?3) 1AMINC(BO,3)

c
DIMENSION TDFCX(Sr4)
DIMENSION CARF(3+15,80)
C
LOGICAL IDEBUG
4
S FORMAT (1X)
603 FOKMAT (/)
[

C 3358 MAXIMUM VESSEL CLASS IN #3533
KEAD(1IB5YSTr306) LU
3506 FORMAT (12)
IF « IDEBUG ) WRITE (9+506) LU
U 8888 SEASON EXTENSION IN 8385
READCISYST»507) (1SES(I)rI=1+4)
IFC JIDEBUG )WRITE(9+507) (ISES(I)rlI=1,4)

9507 FURMAT (I1,3¢(1Xr11))

C 838% LUCKING TIMES IN 5538

READUISYST 1 996) (ILTHM(I)2I=1,3)
It ¢ IDEBUG HWRITE(?+996) (ILTM(I)»I=1.3)

996 FORMAT (J1,2¢1X011))

C 53888 ZBHFs» FACTURS 1IN S324%

KEADCISYSTs14) C(ZEHF (LC)sLCw4a,LU)

1F( IDEBUG IWRIIE(Ys14) (ZBHF(LL)LC=4,LU)

READC(ISYST+1517) FACTOR»CALFACISYSFAC»SYSADDSYSTINM

{F ¢ IDEBUG JWRITE(?»1517) FACTUR»CALFACsSYSFAC,SYSADD»SYSTIM
14 FORMAT (B(F4,2:.1X))

1517 FORMAT(2(F4,2+11X)s3(FS,2¢1X))
1F( IDERUG )WRITE(9+603)

C %888 READ IN THE FLEET MIX FACTORS

c SHIP BUILLING FaLTURS

READL (15YST1603)
REAV(UISYST+2700) ((ADDPCT(MCHLL)Y 1HL=1+4)r1L.C=4yL L)
I1F ¢ IDERUG IWRITE(997700) ((ADDPCT(MC/LL) 'MC=1,6) sLC=arLU)

72700 FOKMAT (6F6.2)

C s38% CC IN

READ (ISYST»603)

I CIS NE L 1IREADCISYSTI602) ((CCINTILLI »LE®A9LUI o NL®1» )
IF(IS.NE.1.AND.JDEBUG )WRITE(9+602)((CC(MCoLL) sLLmarLU)»
+ MC=1,3)

602 FORMAT(4(F6.0v5X))
IFC(IS.EQ.1)READ(ISYS /) ((CC(MCILC) »LCmAsLU) 1ML =1+3)
IFCIS.EQ.1 AND. 1UVEBUG JWKITE(P¢7)((CC(MCILL) sLT=4sLU)+1MC=1,3)

7 FORMAT(7F7.0)
C 83832 TDF IN 3838%
READ(ISYST»603)
IF¢ IDEPUG )WRITE(9+603)
READCISYST+8) ((TDF (LCMN) 1 MN=1,14)sLCw1,3)
IF¢ IDERUG )WRITE(Pe8) ((TDF(LL/MN) sMN=1,14):LC=1,3)
4 FORMAT(14FS5,3)
U #3%8x READ IN THE PROJECTED COMMODITY TONNAGES 88388
DO 8000 Jw1,9
Ji=J-1
IF(J1.EQ.,0) IR=8
IF(JL.EU.1) IR=1S
IF(J1.6GE.2) IR=J1810
DO 8030 ND= 1,2

READ (ISYST,603) - '

READ(ISYST,8040) WHEAT(IR/ND)+SOY(IRIND),
BLYRYE(JRoND) ¢+ CORNCIRYND) s OILSDCIR/ND) +
ALMSTNC(IRIND) »ATRORE( IR+ NL) ¢
RAWMAT(IR'ND) »COALCIR/ND) »PETROL (IR ND)
+CEMENT (IRYND) »AMINCIRIND) »

DRYBLK (IR ND) »GENCAR(IRIND) »
STLPRDC(IRYND)

4040 FORMAT (10FB8.0+/+5F8.0)

IF ¢ IDEBUG ) WKITE (9,8040) WHEAT(1RyND)r
SOY(IRYND) » BLYRYE(IR)ND) »CORNCIRIND) »
OILSD(IRsND) s ALMSTN(IK/ND) +AIRORE (IRIND) »

RAWMAT (IR»ND) s COAL (IR¢ND) + FETROL (LRIND ) »

CEMENT (IR yND) s AMINCIR+ND) ¢ DRYBLKCIR'ND) »

GENCAK (IR»ND) 9 STLFRIC IR 9 ND)

8030 CONTINUE
C CALCULATE THE TOTAL DEMAND FOR EACM CUMMUDLTY
WHEAT(IRs3)s WHEAI (1R 1)+ WHEAT(IK,2)
SOY(IK»3)= SOY(IRe1)¢ BOY(IRs2)
BLYRYE(IR»3)= BLYRYE(IR:1)4 BLYRYECIR:2)
CORN(IR»3)= CORNCIR»1)4 CORN(IR:2)
OILSD(IR+3)e DILSUCIRy1)+ OILSDCIRY2)

L X 3 % 4
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AMNASTNC(IRII)e ALMSTNIIR: LI+ ALMESTNCIR,2)
AIRORE(IR¢3)= RIRORE(IR:s 1)+ AIROKE(IR:,2)
RAWMAT (IR» 30w RAWMAT(IR:1)¢ RAWNAT (IR 2)
PETROL(IR¢3)m PETRULC(IK:1)¢ PETROL(1IR2)
CEMENT(IR+3)m CEMENT(IRs1)+ CEMENT(IR,2)
ANINCIRs3) e ANINCIKI1)¢ ARINCIK,2)
DRYBLK(IR:3)= DRYBLA(IRs1)¢ DRYBLACIR,2)
GENCARC(IR+3)e GENCAR(IR»1)+ GENCAR(IR,2)
STLPRD(IRs3)w STLPRD(IR+ 124+ STLPRUC(IR,2)
C CONVERT TO THE bIX MAJOK COMMODITY GROUFS
DO 9033 ND= 3,3
GRAINCIRIND)= WHEATC(IRIND)+ SOY(IKR¢ND)+
+ BLYRYECIR/ND)+ CORNCIR'MD)+ OILSDCIRIND)
STONE (IR'ND)= ALMSTN(IR»NU)
ORE(IR+ND) s ALROFEC(IK/ND)
BULK(IRINU)= MAWNAT (IR ND)+
+ PETROL(IR-ND)+ CEMENT(IR/ND)+
+ AMINCIR oM+ DKYBLKCIR/ND)
GNCAR{(IR'ND).+ GENCAK(IR»ND)+STLPRDCIRND)
#031 CONTINVE
L ASSIGN THE CARGO PROJECTIONS TU fHt CORRECT WORKING VARIABLE
IF (ISES(1) .EQ. 1) GO 10 wHe8
DO 8050 ND=s 3.2
CAREX2(1sNDrIR)® UKE(IRsND)
CAREX2¢(21ND2 IK)= CUAL (IRIND)
CAREX2(3'NDr IR)= STONE (IR/ND)
CAREX2¢(4'NDvIR)= GRAINCIR/ND)
CAREX2(SsNDes 1K= HULA(IK.ND)
CAREX2(6eNUr IR)= GNCAKC(IReND)
EXTP2(4:NDyIK)= 0.0
EXTP2(6+NDyIR)= 0.0

#030 CONTINUE
GO 10 8869
H8u8 DO 6887 ND= 1,2

CAREX1(1'NDs IR)= OKE(IR/ND)
CAREX1(Z2sNLs IR)® CUAL (IRsyND)
CAREX1(3+NDsIR)= STONE (IR#ND)
CAREX1(4/NDvIR)= GRAINCIR'ND)
CAKEX: (SyND+ IR)® BULK(IR»ND)
CAREX1(6sNDr IR)= GNCAK(IK'ND)
EXTF1(4sNDrIK)= 0.0
EXTP1(6+NDr IK)=s 0.0
8887 CONT INUE
C CALCULATE FRACTIONS OF THE MAJOR CUMMODITY GROUFS FOR EACH
€ INDIVIDUAL COMMODITY
40889 DO 8600 N=1,3
IF (N .EQ. 1) ND1= 2
IF (N EQ. 2Z) NIg® }
IF (N .EQ. 3) ND1= 3
s IF (GRAINCIK'ND1) (LT, 0.5) GO TO 8801
CARF (N9 19 IR)= WHEAI(IRIND1)/GRAINCIR,
+ ND1)
CARF (N9 2s IK)w SOY(IRsND1)/GRAIN(IR,
+ NI
CARF (Ny3+IR)= BLYRYE(IRvND1)/GRAINCIR
+ *ND1)
CARF (Nr Ay IR)m CORNCIRINDL) /GRAINCIR Y
+ ND1)
CARF (N+SeIR)= OILSD(IR/ND1)/GHRAINCIR,
+ ND1)
GO TO 8802
8801 DO 8603 K= 13
CARF (N'Ks IR)= 0,0
8803 CONT INUE
8802 CARF (Ns 6+ IR)= 1.0
CARF(N+ 7+ IR)= 1.0
CARF (N:8¢IR)= 1.0
IF (BULK(IRYND1) .LT. 0.5) GO TO 8804
CARF(N» 91 IR)= RAWMAT(IR'ND1)/BULKC(IR,
+ ND1)
CARF(Nv10+IR)® PETROL(1R»ND1)/BULK(1R)
+ ND1)
CARF (N9 119IR)= CEMENT(IR+ND1)/BULK (IR
+ ND1)
CARF (N+12¢1R)= AMINCIRINDY ) /BULK(IR>»
+ ND1) .
CARF(Ns13+1R)» DRYBLK(IR/ND1)/BULK (1R,
+ ND1)
GO TU 8805
4804 DU HH06 K= ¥+13
CARF (MsK+IR)= 0.0
4806 CONT INUE
0803 IF (GNCAR(CIR'ND1) LT. 0.5) GO TO 8807
CARF (N»14»IK)= GENCAR(IKIND1)/GNCARCIR,
+ NDY1)
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CARF (Nv15¢IR)® STLFKDC(IR¢ND1)/GNCARCIRY

+ ND1)
GO Tu 8800
4807 D0 8808 Ke 14,19
CARF (N'Ko IR)= 0.0
4808 CONTINUE
8600 CONT INVE

4000 CONTINUE
C ss3s3 HOURS IN
READ(ISYST603)
IF¢ IDEBUG (WRITE(9:603)
READCISYST121) (DATH(MN) 1 MN=1,14)
JH( IDEBUG JNRITE(9921) (UATH(MN) »MN=1,14)
21 FORMAT (14(FA.3101X))
C s3s88 THLOCK IN
READ(ISYST14603)
IF( IDEBUG JWRITE(9,603)
1F(1S.EQ.1)READCISYST»22) (C(TMLOCK(LCINDrJ) 2 LCmasLU) »ND=1,
+ 2)0d=1+2)
IF(IS.EQ.1 +AND., IDEBUG INRITE(9+22) (((THLOCK(LC'NDrJ)sLCmarLU)»
4+ ND=1e2)9Jm1+2)
' IFCIS«NE 1 IREAD(ISYSTe253) (C(THLOCK(LC/NDoJ) 9LCuAsLU) yND=1»
4+ 2)9J=2,2)
IFCIS.NE.1 +AND. IDEBUG JWRITE(9¢253) (((THLUCK(LL INU» L) 2LC=4¢LU)»
+ ND=1o2)eJmte2)
753 FORMAT(4(FS.0,1X))
22 FORMAT(7Fé.1)
READ(ISYST+603)
IF( 1DEBUG JURITE(Y»603)
1IFC 1S.EQ.1 ) READ(ISYST+22) ((TLTML2(LC'NDr 1) sLL=4,LU) s NU=1+2)
IF( IS.EQ.1 .AND. LDEBUG JWRITE(9¢22) ((TLTML2(LC/ND»1)LCm4rLU)»
+ ND=122)
IFC IS«NE.1 ) READCISYST»7S3)((CTLIML2(LCINDrJ) oLLCmasLU)»
4+ ND=1+92)yUm1,2)
IFC IS.NE.1 .AND. JUEBUG )WRITE(9e¢733)(((TLTML2(LCINDrJ)1LCm4sLU)»
+ ND=1:02)rJ4%1+2)
REAUCISYST603)
1FC IDEEUG IWKRITE(9+603)
IF(IS.EQ.1) READCISYST e 22) (C(TLIMLIC(LCsNDr1)LCu4sLU) »ND=1:2)
IF(IS.EQ.1 .AND. IDEBUG )WNRITE(Y»22)((TLTHMLIC(LC+ND21)sLE=4»LU)
+ ND=1+2)
IFCIS.NE.1) READCISYST 72533 C((TLTMLI(LCINU» J) oL=40LU)»
4+ ND=1+2)si=m142)
IFC(IS.NE.1 ,AND. IUEBUG JWRITE(Pe?7SI)CC(TLTNMLI(LCINDoJ) sLC=4¢LU)»
+ ND=1:2)+J=1,2)
L ssz3x ST, DEV IN
READ(ISYST»603)
IF( 1DEKUG )WRITE(9»603)
IF(IS.EQ.3)I)READ(ISYSTr22) (C((STDEVI(LCIND?J) o LC=4eLU) e ND=1
+ 2)1Jm142)
IF(IS.EQ.1 .AND. IDEBUG )WRITE(9+22)(((STDEV(LLINDsJ)vLCoasLU)
¢ ND=1,2)0J=1:2)
IFCISNE.1)READCISYST» 7%4) (((STDEV(LC+ND?J) 1 LCm4yLU) rND=L,
+ 2)edel02)
IF(IS.NE.1 .AND. I1DEBUG )WRITE(9¢?754) (((STDEVI(LCINDvJ)sLC=4rLU)»
+ ND=192)9J=1:2)
754 FOKMAT(ACF5.1¢1X))
1IF(IS.NE.1) GO Y0 1001
DO 1002 LC=4sLU
DU 1003 ND=1,2
THLOCK(LC+ND»3)=VYHLOCK(LC/ND»2)
TLTML2(LCND»3)=TLTHL2(LCsND»2)
TLTHLI(LC/ND»3)=TLTMLI(LCIND»2)
STDEV(LC/ND»3)=STUEV(LC/ND,2)
1003 CONTINUE
1002 CONTINUE
1001 CONTINUE
€ s383x VALIDATION BTF IN s8532
READ(ISYST403)
IF( IDEBUG )WRITE(9+603)
READCISYSTe700)BTF4+BIFS,BTF13+BTF14
IF ( IDEBUG )WRITE(9+700)BTF4,bTFS+BIF13sDTF14
700 FOKMAT(4(F3.2,1X))
C #8388 TURNBK 1IN
READ(ISYSTL403)
IF( IDEBUG )UWRITE(9+603),
READ(ISYST»23) (TURNBK(LK) o LK=1/yKU)
IF¢{ IDEBUG )(WRITE(9+23) (TURNBK(LK) +LKm2 ,KU)
23 FORMAT(I(FS.001X))
KEAD(1ISYST1603)
IF¢ IDEBUG )WRITE(9+603)
C sx8xx XSHIP IN sss8%
READ(ISYST»25) (XSHIF(LL) sLCmayLU)
1F ¢ IDEBUG HURITE(9+25) (XBHMIP(LL) 1LCmasL )
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25 FORMAT(BFB.0)
83888 XCAP IN s8333
READCISYST225) (XCAP(LC)+LCw=a)LU)
1IFC IDEBUG )WRITE(9125) (XCAP(LC) sLCmaylL)
C 38328 NON-C IN
READ(ISYST603)
IF¢ IDERUG (WRITE(9+603)
READ(ISYST16357) ((PCRF(MNsND)»MN=1+14)ND=1,2)
$FC 1DEBUG JWRITE(90617) ((PCRF(MNIND) s MN=1¢14)1NDe192)
617 FORMAT(14(FA.1,1X))
28888 FLOAD IN
READ(ISYST403)
IFC¢ IDEBUG )WRITE(9+603)
READ(ISYST+618) (FLOAD(MC) »MC=1r6)
IFC IDEBUG JWNRITE(Y+618) (FLOAD(MC)sNCw1,4)
618 FORMAT (6F4.2)
23888 DISTN IN 38338
READ(ISYST,603)
1F( IDEPUG IURITE(9+603)
KEADCISYST1629) ((DISTNI(ND/HC) 1 ML=1+4) yNU=]+2)
IF( IDEBUG )URITE(9¢629Y)((DISTN(NDINC) 1 MC=1+64) rNURL»2)
429 FORMAT(6F7.1)
88538 FILL IN 33828
READ(1SYST(603) .
IF ¢ IDEBUG )HRITE(9+603)
READCISYST1629) ((FILL(MCsLL) /MCm196)sLCma,t L)
1F (¢ IDEBUG IWRITE(9+1629) ((FILL(MCILC)»NC=1+6)rLC=4yLU)
C 85383 EMPTY IN SS313
READCISYST+603)
1F( IDEBUG )WRITE(9:603)
READC(ISYST +1629) C(EMPTY(MCeLC) 1 MCa106)9LCudrlU)
IF( IDEBUG (WRINL(9:629) ((EMPTY(MCILL)NC=196)9L.Coarll)
C 33838 HRS IN 35388
READ(ISYST,603)
IF¢ IDEKUG (MRITE(9+603)
READCISYST+621)C((HRS(MN» ISAINC) sMN=1,14),MC21+96)915A=1+4)
IFC IDEBUG IWRITE(9¢621) (((HRS(MNs ISAINC)s#MN=1+14),MC=1:6)»
+ ISA=1:4)
621 FORMAT(14F5.1)
C 228882 VSA IN 558382
REAL(ISYST»603)
1F ¢ IDEBUL YWRITE(9,603)
READCISYSTs313) (((VSA(MNILCrISA) yMN=1,14) s CudsLU)sISAmL4)
IF( IDEFUG JHRITE(®Pe3138) (((VSA(MNILLLISA) sMN=1,14) 5L CudrLlU),
+ ISA=154)
C 3283% UIN IN 38%3
READ(ISYST,603)
IF( IDEBUG HWRITE(9+603)
READCISYST»313) ((DIN(MN+ISA)yMN=1y14)r15A=1s4q)
IFt IDEBUG HWKITE(?¢313) ((DIN(HNIISA) sMN=1+14)1ISA=1,4)
313 FORMAT(14FS5.2)
C  £83333% READ IN RETIREMENT PERCENTAGES 33223
READ (ISYST:603)
DO 7710 J=1,9
Jiwg-1
IF(J1.£Q.0) IR=8
IF(J1.E0.1) IR=35
IF(J1.LE.2) IR=J1510
2730 IF (1S .£Q. 1) KEAUC(ISYST1624) (POCIRILC)ILCm4yLU)
IF (1S .EQ. 1 .AND, IVEBUG ) WRITE(9,624) (POCIRsLC)
+ LCuqyL )
IF (IS .NE. 1) READCISYST+787) (POCIRyLL)+LC=4,LU)
IF (IS .N&. 3 AND. IDEBUG ) WRITE(?,787) (POCIRy
+ LC)sLC=4/LL)
7710 CONTINUE
787 FORMAT(4AFS.2)
624 FORMAT(BFS.2)
C 25388 WASEFT IN 35X8X%
READ(ISYST,603)
IF¢ IDEBUG IWKITE(9+603)
IFCIS.EQ. S )READCISYST1633) ((BASEFT(MCILC) e LCmayLU) 1 MC=1+6)
ISéIS-EO-l «AND. JIDERUG )WKRITE(99633)((BASEFT(MCoLL)sLCmasLU)y
+ =144)
IFCIS.NE.L1)READ(ISYST14634) ((BASEFT(MCILL) sLCmarLlU) 1HC=1,4)
IF(IS.NE.1 .AND, IDEBUG (WRITE(9:634)((DASEFT(NCILC)rLC=4sLU)»
+ MC=1,4) /
633 FORMAT(7F6.2)
634 FORMAT(A(FS.2+8X))
C s333% BTF IN sas%
KEAD(ISYST,603)
1F( IDEPUG (WRITE(9+603)
KEADC(ISYSTs313)(BTF(MN+ ISA) liNm1,14)sISAn1¢4)
IFC IDEBUG IWRITE(P9313)((BTF(MN+ISA) +MiN=1,14)+I5An1+4)
C 38322 TUFCX IN 22288

[ o]

[

¢
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READ(1I5YST+603)
IF¢ IDEBUG (WRITE(9,603)
1F(C IS.EU.) )READ(ISYST»407) ((TDFCX{MrI)sNals3)vIn254)
IF( IS.EQ.1 AND. IDEBUG )WRITE(9¢407)({TDFCX(Ms]1)rM=1+3)r182,4)
IF( ISNE.1 )READ(ISYSET1406) ((TDFCX(MeI)sMu195)s1m2,4)
IFC¢ IS.NE.) AND., IDEBUG IWRITE(9+4046) (CTDFCX(Mr1)rM=1¢S5)9Im2,4)
407 FORMAT (3(F6.4+1X))
406 FORMAT (S(Fé6.4+1X))
C 32383 READ INCREASES IN CAPACITY WITH DEPTH szsxss8
KEAD (1SY§T+603)
IF ( IDEBUG ) WRITE (9,603)
READ (ISYST:9900) (CAPINC(LL)sLC= 40ll)
IF ( IDEBUG ) WRITE (9:9900) (CAPINC(LC) LCmarLl)
Y900 FOKMAT (11F7.2)
VO 1518 LC=4»LU
SCOST(LC)=XSHIP(LL)+XCAP(LC)
CC(4sLC)=CC(22LL)
CC(3sLCI=CC(3LL)
CC(6+LLI=CC(3IeLL)
CC(3+LL)I=CC(2+LL)
GLOAD(LC) =0
GBAL(LC)=0
ZB(LC)=ZBHF (LC)
IZBH(LC)=1008ZB(LL)I40.5
1518 CONTINUE
DO 15 MN=1+14
IFC(IS.NE.1)GO TO 1&
fDF CArMN)=TDF (1,MN)
TOF (SeMN)=TDF (1+MN)
TDF (61 MN)=TDF (2+MN)
TOF(7+MN)=TDF (25 0N)
TDF(BeMN)=TDF (24 MN)
TDF (9+MN) =1 DF (29 MN)
TDFC10+MN)=TDF (TeMN)
TDF (11+8N)=TDF (30 NN)
GOT0 15
18 CONT INUE
TDF (4o MN)=TDF (1o HN)
TDF (6o MN) = (DF (1o MN)
TDF (S MNI= (DF (2o MN)
TOFC(7+MN)=YDF (24 H4N)
13 CONTINUE

RETURN
END
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SUBROUTINE MEAVER (IS¢ INUMB IR ISNsILTHL)

o

INPLICIT INTEGER (DD

SUBPROGRAM HEALER PKIN(S THE PAGE HEADING,
PAGE NUMBERS AND INCLUDES CARRIAGE LCUNTROLS

oo

COMMON /HEDCOM/ IbNOC14)+IYR(BO)
INIEGER ILYI (D)

o

DATA ILT / AHNORMs4H LUWs4HHIGH /

2 FORMAT (11,2X)
100 FORMAT (38X, 36HEE88 (L/SLS LOCK CAPACITY MODEL SKX%,

+ 32X»SHPAGE +12+4H UF +£2)
110 FORMAT (44Xy»25HREES SO0 LOCK SYSTEM S38%,25X,BA2r2Xr»4A2)
120 FORMAT (4SXr23MHBIBE WELLAND CANAL SE83,26X,UA2»2X14A2)
130 FORMAT (41X,28HE388 ST, LAWRENCE RIVER S888,25X 842,2Xs4A2)
140 FURMAT (A9X+SHEXREE s14,5H 2388,/

+ I2X22He88x SEASON EXTENSION +11+16H) LOCKING TIME rhdy

+ SH sssm)
150 FORNAT (/)

[

NEXPG=1

INUNE = INUMB41

IPGS=9 H
IFC 1S.EQ.1 ) IPGS=11

WRI1TE(B+2) NEXFG ,
WRITE(B+100) INUMByY IPGS '

IFC 1S.EU.1 JWRITE(8+110)

IFC 1S.E0.2 )WRITE(H+120)

IFC 1S.EQ.3 )JWRIVE(8+130)
WRITE(8+340) IYRCIR) »ISN» ILTCILTAL)
MRITE(6,150)

RETURN
END
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SUBROUTINE OQUTMOLLC LU IS INUND IRs 16N IL 1ML ¢ NLXPGo
¢ 1CAP+CARF)

[ )

INPLICIT IMTEGER (1)
UINENSION SORTOL(12514):80RTOT(3.14)

[N

c
C THE OUTPUT MOBMULE CUNIAINS 7 SUBPROGRAMS THAT PRINT ? TABLES
C AND PRINTS 2 ADUITIUNAL TABLES WITHIN TME MOLULE BODY

2]

CONNON /7MEDCOM/ 1DRO(14)¢1YR(BO0)
CUMNON /QUECON/ CAGOCL (8012) s UBIRN(1203+14) v ULTRN(12:3014)0
¢ DMC14)oDT(12:3+014) 9 IDBTRN(1213)2ICTRNP(691222) 0o IDLTRNC(12¢3)0
+ IHRS(14)pILTR(3912) 0 IKHOC4014) 0 ISDEV(4¢2:14),1SYSTH(34)
+ ITLTR(3912) v ITHCST(1501204)0ITHCYC(402+14)91TOT(303)
4 I1TOTCC(2+6) 2 ITTCSTC(1 29 3)»UUE(As 203409 TOTDE(3+14) e TOTDL(3034)
+ TOTDT(3+14)ruTUMN(Ar2934) s XUBTRN(2202) 9 XDLTRN(1292)
COMMON/Q/7ARTAR(1292) + ARTCLC2) +ARTPOE (2) yAVUGUAR(4 3 2) »
CAPCTY(4¢2)cT! TF(402) s DTLUCK (40 2)sLRAX(12) s LNINCI2)y
MONKA  (14)POEAR(12+12) o POECL(2) s KAMDA(412) yRHO(492) »RPNCL(2) »
SABAR(1202) e BUEV(A92) e SHIP(1206):500AR(4:12+2)9THAL(34012)
TRALT(22) s TUCST(4022)» IDECX(Se4) v TINES(34) 2, TLOAD(14012)
TLOADT(12) s VRCYCL (A9 2Z) s INEANCA32)»TTI 14D,
VARTM(492) s TLOCKM(4+2) +DAVAR(12:2)
LONMON /COMMOD/ WHEAT(8053)+80Y(B013) 1 BLYRYE(HOe3) e CORNC(BO¢3) ¢
4+ OILSD(B80+3) 1 ALNSTN(BO13) sAIRORE(8053) s KAMMAT(BU»3) »
+ COAL(80,3)+PETROL(B0+I) s DRYBLK(BO0s3)+GENCAK(BO»S)
+ STLPRD(80,»3) ¢GRAIN(BU»3)+STONE(80+3)rOKE (80 3) »BULK(B0138)»
+ GNCAR(BOs3)rCEMENI(80»3)rANIN(BO0+3)
COMMON /MINARY/ DASEFT(8¢12)¢CCCE112)3UFA(14:,4),DISTN(2+6)
+ EMPTY(8+12)sFILL(Gs12)»FLEETN(G6112)9FLOADCS) 1HRSYR(S)»
+ PO(B0+12)/REDFT(12),TDF(12+14) 2 TRIPYR(6112)9VSH(12+6)
+ WDIST(6) 1 ZBHF (12)eADDFCT(6012)sLCAPINC(12)
COMMON 7CARGCM/ LCAGUCH(6:14)»50R<12,12014)

L X 2 N 3

L : DIMENSION CARF (3+1%060)

9 FORMAT(11)
795 FORMAT (2X012+1X16(1XvJ692X21604X))
757 FORMAT (SXr8(2XeSt1H=) r3XsS5C1H-) e aX) v/
4+ IXsSHTOTALeI602Xr1614Xe5(1Xe1692X01614X))
2289 FORMAT (///+16X+ ASHLOAUED TRANSITS) 23Xy IHUBALLASIEDY
+ 9H TRANSITS126X+SHIOTAL//»
4+ 20X SHTOTAL » 33X+ SHTUTAL » 34X+ IHALL s/
+ IXoSHCLASS ¢ Z(10X92HUP 5 10X+ 2HDN» 27X s SHTOTAL »2X) » 10X 9 2HUP ¢
+ 10X 2HDN» 7X ¢ SHTOTAL)
2260 FORMAT (2Xs1202X93(3Xe2(19¢3X)v1992X))
2263 FORMAT(4X 9 3(BXr2(8H~=~~==1p6X) 1 bH~=~===))
2262 FORMAT (1XsSHTUTAL 9 J(IX+2¢IF+3X)2I922X))
110 FORMAT (11(/))
145 FORMAT (2(/))
113 FORMAT (33X+»39HRE8E DAILY TRANSIT DeMAND PY MUNTH AND »
+ 10HCLASS 3388,)
121 FORMAT(/328X+A8»4SX+A8) i
122 FORMAT(2X92C(12X» ZHUP » 16X+ 2HDN+ § 3X» FHTOTAL Yo/ !
4 1XeSHCLASS6(18H LUAL BLST TOTAL ))
224 FURMAT(2X s 1206(2Xr»2¢(1XsFA.1)v1XsFS.3))
225 FORMAT (AXs6(2X22( 1 X0 AH====) s I1X¢SHo====) 9/
+ IX»SHTOTAL 16(2C(1XoFA.1)92AXeFS.102X))
116 FORNAT (S50X» PHCONTINUED)
128 FORNMAT (9(/))
123 FOURMAT (2(/))
126 FORMAT (12(/))
2100 FORMAT (31X»25H%8%38 YEARLY TRANSITS BY »
+ 2SHCOMMODITY AND CLASS %8838,///»
+ A7X¢1SHLOADED TRANSITSe//»
+  13Xs3HORE» 15X r 4HCOAL » 15X s SHSTONE » 14X ¢ SHGRAIN 12X »
+ 10HOTHER BULK:9XsYHGEN CARGU/y
+  1XsSHCLASS »+S(4Xe 2HUP 18X » 2HDM + SX) e 4X o 2HUP » 6X » 2HDN)

INUMB= O
WRITE(By9?) NEXPG
IF(IS.NE.1) GO TO 779
DU 986 LC=3/LU
DO ¥85 WN=1s14 .
DO 987 K»3,12+3
SOR(K+LLCoMN)=O
v07 CONTINUE
DO 973 Ks1,12
SOK(KLCIMN)=IFIX(10.3 BOR(KILCrMN)+ 0.5)80.1
973 CONT INUE
¥8s CONTINUE
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986 CONTINUE

U0 964 MN=1,14
DO 983 LC=3sLU
DO 982 NDw1,2
SOR(IeLCoMN)I=SOR(IsLCHMN) 4BSOR(NUILL Y IN)
SOR(S6/LCIHN)ISLUR(SILCIMN)+SORC(ND+3)»LCrHN)
SOR(PsLC MN)=SOR(PILL I MN)+E8OR((ND+6) o LCoMN)
SOR(12/LCoMANI® SOK(12+LCoMN)ISORC(NUED) +LCINN)

9682 CONT INUE
2683 CONT INUE

ves

CONT INUE
BO 7792 K=1/,12
DO 7793 J=1y14
SORTOL(K+J)=0.0

7793 CONTINUE
7792 CONTINUE

7796
7795
7794

2791

10

11
v0

8
7797

7549

7348

DO 7794 J=1,14
DQ 7795 Ket,12
DO 7796 LC=3.LU
SORTOL (K» J)oSORTOL (K» J)4SOR(KeLL D)
CONTINUE
CONTINUE
CONTINVE
G0 Y0 7797
CONTINUE
DO S 1A = 1,3
DO 7 IB=1,14
SORTOT(IAs1B)=0
CONT INUE
CONT INVE
00 8 NN=1,14
00 90 LC=3,LU
DO 10 ND=1,2
SOR(NDILCoMNISIFIX(10.% SOR(NDILC/MNI+ 0.5)80,1
CONTINUE
SOR(3sLCoMN)=SOR(19LCIMNI$SOR(2:LEAN)
U0 11 NOw=1+3
SORTOT(ND»MN)=SORTOT (ND o MN) +EOR(ND LU MIN)
CONTINUE
CON ¥ INUE
CONTINUE
CONTINUE
IPRINT=0
IF(IR.EQ.8) GO TV 7357
IFCIR.EG.15) GO TO 795/
DO 7549 J=20,80+10
1F(IR.EQ.J) IPRINT=1
CONTINUE
IF(IPRINT.EQ.1) GO YO 75%/
IF(ICAP.GE.1) GO TO 7548
CALL QUETAECIS: INUMBe IR ISNe LILYNL» SORTOL »
+ SORTOT,LY)
GQ 10 7552
CONTINUE
IF(IR.GT.20) GO TO 7553
(FC(IR.LT.15) GO TO 7554
YEAR=IR%¥1.0-15,0
DO 7559 N= 1,3
PO 7556 M= 1415
CARF (NyMs IR)SCARF (N1 M2 15)4(YEAR/S.O) X (CARF (N+M+20)~CARF (N1 Ms16))

7556 CONT INVE

7355

7354

7559

CONTINUE

GO 10 7557

YEAR=IK®1.0-8.0

U0 7558 N= 1,3
DO 7539 ne 1,193

CARF (Mo Mo IR)SCARF (No M2 8) 4+ (YEAR/7 .O)R(CARF (Ns M+ 15)~CARF (N+¥1+8) )
CONTINUE

7536 CONTINUE

7553

GO 10 7557

DO 33 1=2,7

DO 32 J122+042
IYEAR=1810+J1
IF(IR.EQ.IYEAR) IDEC=1%10

32 CONTINUE

33 CONTINUE

IDECI=IDEC+10
YEAR=(IK-IDEC)%1.0
VO 7561 N= 1,3

DO 73562 M=1+1S5
CAKF (NoMo IR)SCARF (N9 #o IDEC)+(YEAR/10.0) X (CAKF (NeMs» IDEC1)
4-CARF (N)M» IDEC))

7562 CONTINUE

7561
7357

CONTINUVE
CONTINUE
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C 33853 PROJECTED CARGO TAWLE S3338

C 23888 FLEET MIX TABLE sssss

L 83888 VESSEL CHMARACTERIGTICS TABLE Sssss
¢

CALL PROJCR (IS, INUMIY IRs I6N» ILTHL s CARF)
CALL MIX (LUr IS INUNB IRe ISN: ILTHL s EHIP)
CALL VESCHR (ISsLUsLMIN'LBAX)

[
C 23883 YEARLY TRANSITS THBLE S33538

DO 2361 IA=1.LU
DO 23462 1B=1,2
ILTR(IBvIN) =0
ITLTR(IB»1AI=0
IDETRN( 1A+ 1B)=0
1DLTRN(IAY1B)=0
XDBYRNC(IA:ID)=O,
XULTRN(IAs IB)=0,
2362 CONT INUE
ILTR(3+IA)=0
ITLTR(3viA)=O
IDBTRN(1A»3)=0
IDLTRNCIA»3)=0
2361 CONTINUE
DO 2364 1A=1+3
DO 2365 Ib=1+3
ITOT(Iks 1A)=0
2365 CUNTINUE
2364 CONTINUE
DO 2366 1A=1+4
DO 2367 1IB=1,2
ITUTC(IBvIA)=O
2367 CONT INUE
2366 CONTINUE
c

e
o

CALL HEADER (ISs»INUMBY IRs ISNeILTNL)

WKITE(8,2300)
LO 105 LC=4rL U
DO 107 "M=§,14
XLHTRN(LL » 2)aXDBTRN(LC»2)+UBTRN(LC » 1 MN) SDH(NN)
AB IRN(LL : L )@XOBETRN(LL 1 2)+DBTRNILL » 22 MN)BDN(AN)
XDLTRN(LL» 2 aXDLTKN(LCs2)+DLTRNCLC » 1 o MN) SUN(MN)
XDLTRNCLCv 2 )oXDLTRNC(LU P 1) FULTRNCLC s 2/ MN) SN CMN)
107 CONT INUE
LUBTRNC(LC» 1) XUBTRI(LC»1)40.5
IDBTRN(LL22)=XUBTFN(LC22)40.S
IDLTRNILCy1)=XDl (RNC(LCr3)40,S
[ IDLIRNCLL )= XDLTRN(LC22)40.S
DO 109 NC=1+6

0O 102 ND=1,2
ITOTC(NDsNC)=ITOTC(NDIMC)I+ICTRNP (NCoLLIND)

ILTR(NDoLE ) ILTR(ND»LC) +ICTRNP(NCLCoND)
102 CONT INUE
109 CONTINUE
IUBTRN(LC»3)=IDRTRN(LCs 1 )4 IUBIRN(LE,2)
TUWIRN(LC o 3o [UCTRNCLC» LY+ IDLTRN(LE/ 2)
ILIR(ILC)mILTRCISLC)I4ILTR(2,LL)
0o 104 ND=t,3
ITUIR(NDSLL)®ILTR(NDLC) +IDETRN(LCND)
H1IOT(NDe1)=ITOT(NUs 3 ILTKRC(NLLL)
LITOT(ND»2)=ITOT(ND92Z)+1BBTRN(LCND)
1TOT(ND»3)=ITOT(NU3)4ITLTR(NDILC)
104 CONTINUE
' 105 CONTINUE
; DO 799 LC= ALV
! WRITE(B179S)LL s ((ILTRNF(MCILCrI) 0 Im192)1MCm1+6)
-
]
]

2 T T Thasree— =

799 CONTINUE
WRITE(8s257) ((ETOTCIND+HC) +ND=1,2)sHCu] 0 6)
WRITE(B+2259)

DO 2261 Liw4a,LY
WRITE(812260)LCy (SLTRCIZLLI s I3 030 (JDBTRNI(LL Y D) »

+ 121s3) v CITLTRCISLL) v 1m1 0 3)

2261 CONMTINUE
WRITE(8,2263)

; WRITE(812262) ((ITOT(NDINE) sND=3»3) sNEn1+3)

. WRITE(CB+110)

! ¢ IFC IS.NE.1 ) WRITE(Os12%)

‘ C #2888 DAILY TRANSIT UEMAND TABLE 88388

' DO 2369 IA=1.14
DO 2371 1y=1,3
DO 2372 ICs=1+LV
DTCIC IR+ IAY =0
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2372 CONTINUE
TOTDL(IDvIA)=O,
TOTDB(INrs1A)=0,
10TDY (IBr JA) =0,
2371 CONT INUE
2369 CONTINUE
DO 111 HN=trla
DO 112 LC=4sLU
HOLD=DLTRNC(LC ¢ 1 ¢+ AN)
DLTRN(LC» 3y MN)=DLTRN(LC» 22 MN)
DLTRN(LC/2/MN)=HOLD
HOLD=DBTRM(LCs1+MN)
DBTRN(LC+1+MN)=DBTRN(LCY 2, MN)
UBTRN(LC+2)MN)=HOLD
112 CONT INVE
111 CONTINUE

CALL HEADER (IS»INUMB,IR,ISN/ILTML)

WRITE(Bs113)
DO 114 MN=1r14
DO 115 LC=3.LU
DO ¥77 NDw1,2
DUTRNCLCYNDoMN)I®JFIX(20 EDLTRNCLCNDIMNI$0.5)80. 2
DETRN(LCND»#N)=IFIX(10.SUBTRNCLCoNDsHN)$+0.5)80.1
927 CONT INUE
DLTRNC(LC» 3o MN) SDLTRN(LC e 1o MN) 4DLTRNC(LL 2 29 AN)
UBTRN(LC»3+MN)=DETRNC(LC 2o MN) +UBTRN(LC 2, MN)
DO 116 NU21.,3
DYCLC NI HN) mPDLTRNCLL + NP o MM ) $DETRN(LC » ND s AN)
YOVUL (NDoMN) s TOTDL CNDs BN) $DLTRNCLL s NU s N ) !
TOTDEB(NDs IN) = 1 OTDB(ND»MN) +DBTRNC(LC o ND s HN) i
TOTUT(ND»MN)=TOTDT(NDsMN) +DTCLC ND o AN)
116 CONTINUE
115 CONT INUE
114 CONTINUE
DO 117 1=1,13,2
J=1+43
IFC J.GT.14 ) Jsi-14
JIaJeg
IFC J1.£Q0.15 ) Jl=}
WRITE(Be121) 1BMO(J) ¢ IBMOCIL)
WKITE(80122)
00 223 LC=3/,LY
WRITE(89224)LE s (DLTRN(LU 9K+ J) s DBTRN(LC +Ko J) o DT(LC Ko d) »
+ Ke193) s (DLTRM(LC P Kp J1) s DBTRNCLC K2 JI) v DT(LC oK e JI)
+ K=123)
223 CONTINUE
WRITE(9s225)(TUTBL(K»J) s TOTDE(Ke J) ¢ TOTIT(N I J) ¢Kn193) s
+ (TOTDL (Ko J1) 0 YOTUBCKs S ) » TOTHT(K e JI) eK=1+3)
IFC JLNE.® .AND, J.NE.14 ) GOTO 119
IF( IS.NE.1 ) WRITE(S.128)

CALL HEADER (IS, INUMBYIRs1SN»1LTHL)

WRITE(8.113)
WRITE(B+118)
119 CONTINUE
117 CONTINUE
WRITE(8,123)
IFCIS.NE 1) WRITE(Br126)
VO 226 MN=1,14
DO 227 LC=asLU
HOLD=DLTRNL(LCs o MN)
DLIRNC(LC s 1 o MN) =DLTRNC(LCr 2 MN)
DLTRN(LC»2¢#N)SHOLD
HOLD=DBTRN(LC 1 /MN)
DETRN(LC» 1 /MN)SDETRNCLE 1 2/ AN)
DBTRN(LC/,2/MN)=HOLD
227 CONT INUE
226 CONTINUE

[+
C 38888 ALTUAL TRANS11S ThBLE Zas3% ,
C 85888 GUEUING INFORMATION TABLE '
C 88388 MONTHLY DELAY COST TABLE 332
C 38238 ACTUAL CARGO FLOUM THBLE %83
C
IFC IS.ED.1 YCALL ACTRANCLU» IS SNUNBY IRy ISN»
+ ILTHL)
IF(C IS.NE.1 JUALL ACTRN2(LUs ISy INUMB IRy TSNy
+ ILTML s BURTOY)
CALL OQUETAE (ISs INUMBY 1Ko ISMe ILTNL,
L4 SOKTUL » SORTOT S LU)

CALL ACCARG(CARF, IR)
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c

7352 CONTINUE
RETURN
END

C
C SETZLSLIEIEEESIIXLBESLRREEEBEELESEESEEELESRILTLELEEELEREESR
[N

SUBROUTINE PROJCR (IS»INUMBy IRs ISNs ILTML »CARF)

[N
INPLICIT INTEGER (I)
VINENSION CARF (3015+00)
[N
[~
C SUBPROGRAM PROJCR FRINVS THME PROJECTED CARGO FLOW TAMLES
C
COMMON /HEDCOM/ 1bBMU(14)1YR(BO)
COMMON /PRJCOM/ JTHCARG(3015+315)9FCARG(Is1506)
c
INTEGER IPCTOT(3+15)
(M

501 FORMAT (39X, 33H8888 PRUJECTED CARGO TONNAGE 5388,/

+ ASX121H(THOUSAND SHOKT TUNS)»//)
120 FORMAT (8Xr5(14X»A8))
110 FORMAT (11X»S(4Xr1/H UP
702 FORMAT (1Xo 10HWHEAT

DOWN TOTAL»1X))
24¢31701X) 03177,

+ 1Xe10HSOY BEANS +4(317+1X)23172/7¢
+ 21X 1ONBARLEY4RYE»4(317:1X)2 317/
+ 1X» 10HCORN v4C31702X20317/»
+ 1Xe10HOIL SEED 14(31701X)+317/»
+ 1Xs10HLIMESTONE »4(317+1X)9317/0
¢ 1Xo10HIRON ORE +4(317+1X)2 317/
+  1X»1QHCOAL v 4(31791X)93177»
+ 1Xs10HRAW MATL 14(31701X)2317/¢
+  1Xe10HPETROLEUN +14(317+1X)2317/»
+  1X»1OHCEMENT 24¢317+1X20317/»
+ 1Xs1OHMINERALS 14(31701X)2317/»
+ 1Xr20HDRY BULK +4(31791X)2 317/
+ 1X»10HGEN CARGO 14(317+1X)9317/¢
+ 1XsJOHSTEEL PROD»A(3L/121X)2317)

703 FORMAT (11Xr4(I(7H~=====m 11X) 9 J(FHm= ) )
7204 FORMAT (1X»10HTOTALS v4(31701X2031777)
705 FORMAT (BX»4(14X»A6)+11Xs4HYEAR)
2293 FORMAT (S(/))
c

URITE (8,2295)
CALL HEADER (IS¢ INUMB» IR» ISN» ILTNL)

DO 20 MN=1,13
DO 21 ND=1,3
DO 22 MC= 1.+15
IPCARG(NDeMNoNC)= O
22 CONTINUE
IFCTOT(NDcMN)= O
21 CONY INUE
20 CONTIMUE
DO 2299 ND= 1,3
DO 2301 MN= 114
DO 8010 MC= 1.5
IPCARG(NDsMNiINC)= CARF(NDsMC+IR)S PCARG(NDIMN24)

+ + 0.5 .
4810 CONT INUE
IPCARG(NDsMN16)= CARF(ND2é6»IR)S PCARG(NUIMNIJ)
+ + 0.5
IPCARG(ND1MMNr7)= CARF(ND¢?+IK)S PLARG(NDIMN» 1)
+ + 0.5
IPCARG(NDsMN»8)= CARF(NDe8¢IR)E PCARG(NDyMN»2)
+ + 0.5

DO 8820 MC= 9,13
IPCARG (ND+MMsNC)®= CARF (NUsHCo IR)& PCARG (ND»HN»S)
+ +0.8
€620 CONTIMUE
DO 8830 Wis 14515
IPCARG (NDs MM+ NC)= CARF (NDsHC+ IR) SPCARG (ND+HN+6 )
+ + 0.9
8830 CONTINUE
DO 8040 MCe 1,15,
IPCARG(ND+15+HC)= IPCARG(ND»15,MC)+ 1PCARG(ND+MN»AC)
IPCTOT(ND»#N)= IPCTOT(NDsMM)+ 1PCARG(NDsMNsNC)
4840 CONT INUE
2301 CONTINUE
DO 8850 MCe 1,15
IPCTOT(NDs13)» IPCTUT(NUI15)+ IPCARG(ND» 15+ NC) ¥
U630  CONTINUE
2299 CONTINUE
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o000 o

S|

100
110

120
130

974

972
v92

2236

9300

y3520

WRITE(8:501)

WRITE(B+1120) (1BNO(1)9+]I»4s6)

WRITE(8:,110)

WRITE(8¢702) ((CIPCARG(I»J1K) e I8103)9Umq98)sKe1¢153)
WKITE(H)»203)

WRITE(Qs204) (CIPCTOT(IvJ)012393)9Jm4,0)

NRITE(6+120) (IBNOC(]) 1 I=9:13)

MRITE(8+110)

WRITE(B+702) ((CEPCARG(I»JoK) 1 I2193)2J=9913)9K®1+15)
WRITE(B,70)

WRITE(8,704) (CIPCTOT(IvJ)9121¢3)0Ju9,13)

WRITE(8»70S5) IBMOC(14)y (IBNOC(I)eI=1,3)

WRITE(8,110)

WRITE(8,702) ((IPCARG(I»14+K)9I=193)s ((IPCARG(I1J1K)21I=323)»
4+ Jule3) 2 (IPCARG(Iv15¢K)olm1e3)91K=1,13)

WRITE(8+2703)

WRITE(B:704) (IPCTOT(I114)s122 o) e (CIPCTOT(1+J)2Im193)0Jmis3)e
+ (IPCTOT(1015)0I=1,3)

WR1ITE(8,2295)

RETURN
END

SRS EBELTTLBREEEELBELEIEREEELELLSRRILSEEBERL RS EELLEBSXERBRERLAS
SUBROUTINE MIX (LUvIS)»INUMBy IKe IEN ILTHLSHIP)
INPLICIT INTEGER (I

BPROGRAM NIX PRINTS THE FLEET nlX TABLE

COMMON /MINARY/ BASEFF(6112)+CC(6012)+1DFA(14+4)1DISTN(214)y
4+ EMPTY (6012)9FILL(6+12)+FLEETN(S112)+FLUANCS) »HRSTR(S)»

+ PO(B0+12)REDFT(12)»TDF(12+14)5IRIPYR(6912)1VEH(1206)1

+ MDIST(8)»2BHF (12)/»ADDPCT(6+12) +CAPINC(12)

DINENSION SHIP(12+6) (SHIP(4)+TSHIPS(12)

DIMENSION SUNSHP(6)2ASHIP(6) 2 IPCT(6012)

FORMAT (//45X»1vHEEX8 FLEET MIX $388://)

FORMAT (7X 2+ SHCLASS »8X ¢ IHORE » $ 3X» 4HCOAL » 11 X SHSTONE »

+ 11XeSHGRAIN»11Xe6HO BULK»?X»6HGCAKGO: /X ¢ SHTOTAL »

+ /915X 6COHHNUNBER » 2X 9 SHBUILD»3X) 9/ 915X 96 (SHEHIPS 1 SX 0 1HX» SX) )
FORMAT(BX»12¢6(SXeFS5.193Xe13)95X+FS.1)

FORMAT(AX» 7¢11XpSH=====) /2 7Xe 6HTOTALS + 2X+FS.1+16(11X»

+ FS.1)/77)

CALL MEADER (IS+INUMBeIR»ISNsIL ML)
WRITE(89100)
WRITE(B+110)
D0 976 MC=1s6
TSHIP(MC) =0
CONTINUE
DO 992 LC=4,LU
TSHIFS(LC)=0
DO 972 MC=1+6 N
SHIP(LC8L)= IFIX(10.0% SHIP(LCINCI+ 0.5)80.1
ISHIFS(LC)=TSHIPS(LC)+SHIP(LL»MC)
TSHIFP(MC)=TSHIP(MC)+SHIP(LLYHC)
IPCT(MCoLC)® ADDPCT(MCILL)S100.04 0.5
CONT INUE
WRITE(S8s120)LCs (SHIPCLCr )2 IPCTCJILL) 9 Jm1+6)» TSHIPS(LL)
CONTINUE
TTSHIF=0
DO 2236 NC=1+6
TTSHIP=TTSHIF4+YSHIP (MC)
CONTINUE
WRITE(9+130)(TSHIP(HC) 1 MC=1+6)» TEHIP
ADDTSH= 0.0
DO 9500 MC= 146
SUNSHP(MC)= 0.0
CONTINUVE
DO 9520 LC= 4slU
ALC= LCs 1.0 ’
DO 9310 MC= 1y6
SUMSHP (MC)» SUMSHP (MC)+ ALCBSHIP(LC/NC)
CONTINVE
ADDTSHe ADDTBH+¢ ALCBTSH1IFS(LL)
CONTINUE
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DO 9530 NC= 1+6
IF (TSHIP(MC) .EG. 0.0) ASMIP(MC)» 0.0
IF (TSHIP(MC) .EU. 0.0) GU TO Y340
ASHIP(MC)= SUMNEHP (NC)/1SHIP(MC)
9530 CONTINUE
ATSHIP= ADDTSH/ TTSHIP
URITE (8:9540) (ASHIP(MC)+NC=1,6)rAVTSHIP
9340 FORMAT (1XsPHCOMPOSLITEs/21Xr10HEHIP CLASSSXeFA.1+6(12XsF4.1)/77)

RETURN
END
388588238 b Ediststeeedsi
SUBROUTINE VESCHR (ISsLUsLMINILHNAX)
INPLICIT INTEBER (I)
SUBPROGRAM VESCHR FRINTS THE VESSEL CHARACHIEXISTICS TABLE

DIMENSION LMINC12)sLMAX(12)

COMMON /CALCOM/ ADDTRN(6:12+2)sLARGOP(692+80)

+ CTRAN(6012+4)CTRNPM(S71212) 1EXTPT(692+/H80) 1HKS(140416) 9

+ THLOCK(12+2+4)9VEA(14¢1214)

COMMON /MINARY/ BASEFT(6012)5CC(6032)+DFA(1404)¢DISTN(2:6)y

+ EMPTY(6012)9FILL(S012)+FLEETNC(S912) oFLUALCS) ¢ HKSYR(S) »

+ POCBO»12) vREIFT(12) 2 TDF(12+114)» TRIFPYR(6912)1VSH(1206)

+ WDIST(6)ZEHF(12)+ADIWPCY(6212) 9 CAFINC(12)

COMMON /DAT3I/ BTF(14+4)+CAREX1(602¢80)1CAREX2(602280)»

+ DATM(14)sDINC14,4)¢BIST(S)»
+ EXTP1(6+2180)+EXTP2¢(6+2:80)»

+ IZBH(12)+LYEAR(EBO) »ODAYS(12) +PCRF(1402)»5C0S8T(12)»STDEV(121204) 0
+ TLTHL2¢120204)s TLTHL3(1202¢4) s TURNEK(4) »UNLOAD(12) 9 XCAP(12)
+ XSHIP(12)+ZB(12)+GBAL(12)+GLOAD(L2)

S FORMAT (1X)
302 FORMAT(6(/) 238X 9 32HEXEE VLSSEL CHARACTERISTICS ¥3%8)
304 FORMAT (25X SHVESSEL » YX» AHMEAN 1 6X ¢+ ZHHAXIMUM» 39X » BHCAPALITY)
306 FORMAT( 15X » 6HVESSLL 14X ¢ SHLENGTH8X» 6HVESSEL » SX» BHCAKRY ING» 9X
+ 6HVESSEL »8X» ZHLOCKING 18X » OHINCREASE )
310 FORMAT (26X»AH(FT) 29X o SH(MPH) 16X+ EH(S . TONS) » 10X s IH(X) 9 10X
4+ 6H (MIMN)»JOXs7H(SY/IN))
300 FORMAT (15X SHCLASS » SX o SHRANGE » 9X ¢ SHSPEED » 6 X » UHCAPACITY ¢ 7X 9
+ JIHUTILIZATION»6Xe AMTIME «?X 0 10MNITH DRAFT)
312 FURMAT(22X+ 1 1HNIN HAX » 47X » PHUP DN)
314 FORMAT(1SXs3H S+4Xs32H (PLEASURE CRAFT» NUN-COMMERCIAL .
+ 28H VESSELSs AND ICE LOCKAGES) )
320 FORMAT (16X 11293Xe1404Xr1406XeFSc193XeI2011X»13+10Xe1423Xe
+ 1490X,FS. 1)
332 FORMAT(/15X»36HCLASS S 1S LAKERS OF CLASBES 5 AND 6)
334 FORMAT(15X»SONCLALS 6 IS OCEAN GOING VESSELS) .
3334 FORMAT (15X+46HCLAGEES 8 AND 9 ARE BOTH LAKER AND UCEAN GOING»
4+ ©H VESSELS»//)
748 FORMAT(//)

22946 FOKMAT (6(/))
c

WRITE(8,302)

WKITE(BS)

WRITE(0,304)

WRITE(8+306)

WRITE(8,308)

WRITE(8,310)

WRITE(©,»312)

WRITE(8+314)

DO 330 LCw=4avLU
ICCC=CC(1+LLI40.5
ITMLK1TM.OCK(LC?22+2)40.5
ITALN2=THLOCK(LC»1+2)40.3
URITE(8+»320)LC)LMINCLE) s LMAX(LC) yVBM(LL 1) v 1CCCIZBMCLE) »

+ ITALK1 ¢ ITML.K2.CAPINC(LC)

330 COMTINUE

WRITE(8:332)

WRITE(8,334) .

IF (1S ME. 1 AND. LU .GE. 12) WRITE (8r3334)

WKITE(B8)748)

WRITE(8r2296)

RETURN
END
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SUBROUTINE ACTRAN (LU 15+ INUMY, IK»ISNs JLTAHL)

c
INPLICIT INTEGER (I)
c
c
C SUBPROGRAM ACTRAN PRINTE THE ALCTUAL TRANSITS
C FOR THk 500 LOCK SYSTEM
c
COMMON /HEDCOM/ 1BMOC(14)4+1YR(B0)
COMMON /CARGCM/ CAGOCM(6+14)¢60R(12712114)
c
DIMENSION SORTOT(24)
DIMENSION SORTOL(12:14)
c
c

2221 FORMAT (43X025H8888 ACTUAL TRANSITS 38%8)
2297 FORMAT (SOX»PHCONTINUED)
2213 FORMAT(/+27XsAH143X+AB)
2216 FORMAT (SXe2(5X+ PHMACARTHUR Y 10X 3HPOE » ?X e 1SHSABIN AND DAVIS) e/
+ 1X+SHCLASS»6(17H UP DN TOTAL ))
2218 FORMATC(IX»I2,2X06C(1X02(2XoFA.2)01XoFS.1))
2219 FORMAT(SXe8C1X02(1XrsAH-===) 11X o S5Hw====)1/>
+ 3XeOHTOTAL +6(2(FA.19X)1FS5,.102X))
12 FORMAT (12(/))
991 FORMAT (/152XeAY)
993 FORMAT (31XsSHSABIN2 11X9 YHMACARTHUR 11X»IHPOE» 11X YHNEW DAVIS,
+ /021X sSHCLASS»4(1/H UP DN TOTAL )
974 FORMAT (SXs2(5X e PHMACARTHUKY 10X s SHPOE» 12X+ PHNEW DAVIS) ¢/«
+ 1XeSHCLASS»6(17H U¥F UN  TOTAL )
995 FORMAT (22X»12s1Xr4C2X02C1XsF4.1)01XsFS.1))
Y96 FORMAT (27X +4(2¢(1XrAH=—==)p 1 X» SH=~=== 23X20 /020X SHIOTAL P 1Xy
+ A4C2(FA.19X)eFSe10eX))

[x2 ]

CALL HEADER (1S»INUMB» IR ISNyILTHL)

WRITE(8»2221)
J= 4
990 IF (J .GT. 14) J= J-14
Jls Ul
IF (J1 JEQ. 13) JI= 1
DU 76 K=1,24
SORTOT(K)=0.0
76 CONTINUE
992 IF (LU .EQ. 11) WRITE (8,991) IMMO(J)
IF (LU .NE. 11) WRITE (Br2215) IBMOCJ)+IBNMOCIL)
IF (LU .LE. 10) WRITE (8¢2216)
IF (LU EQ. 11) WRITE (&8+993)
IF (LU GE. 12) MRITE (He¥v4)
D0 2217 LC= 3sLU
IF (LU .EG. 11) WRITE (8+995) LUy (SOR(M/LCrJ) e M=1+12)
IF (LU .LE. 10) WRITE (§+2218) LLCo(SOR(MeLCrJI)oM=119)>

+ (BOR(MILCrJI)rM=1,9)
IF (LU JGE. 12) WRITE (8r2218) LLC» (SOR(MsLCrJ) 1Mm4r12),
+ (SOR(MILC>JI)oNmay12)

DG 7S K= 1,12
IF (LU .LE. 10 .AND. K .GE. 10) GO TO 75
IF (LU .GE. 12 .AND. K LE. 3) GO TU 75
SORTOT(K)= SORTOT(K)+SOR(KsLCrJ)
IF (LU .EQ. 11) 6O 10 7S
SORTOT(K+412)= SORTUT(K+#12)4SO0R(KLCr»JI)
73 CON{ INUE
2217 CONTINUE
IF (LU «LE. 10) WRITE (8+2219) (SORTOUI(K)»K=129)»(SORTOT(K)»
+ K=13,21)
IF (LU .EQ. 11) WRITE (B,¥96) (SORTOT(K)sK=1,12)
JF (LU .GE. 12) WRITE (8+2219) (SORTOT(K)»K=4s12)9(SORTOT(K)»
+ Ke16r24)
IF (LU +NE. 11 .AND. J .NE. 8 .AND. J .Ne. 14) GO TO 15
IF (LU +EQ. 11 ANU. J NE. 6 +AND. J Ne. 9 AND, J JNE. 12
+ JAND. J .NE. 1) GO TO 1S5

¢
CALL HEADER (I6s INUMBIKsISN,ILTHL)
¢
WRITE(Be2228)
WRITE(8,2297)
1S CONTINUE
Jm 42

IF (LU «EQ. 11) J= JI

IF (LU .EQ. 11 .A4ND., J]1 .EQ. 4) GO TO 2214
IF (LU «NE. 13 .AND., J .EQ. 4) GO TU 2214
G0 T0 998
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2214 CONMTINUE
WRITE(B12)
RETURN
END

SUDROUTINE ACTRN2 (LU»18eINUMY IK ISNe ILTML»
+ SORTOT)

INPLICIT INTEGER (I)

SUBPROGRAM ACTRN2 PRINTS THE ACTUAL TRANSITS
FOR THE WELLAND AND SLANAY

COMMON /HEDCOM/ 1BMO(14).1YR(80)
COMMON /CARGCN/ CAGUCH(6+14)y80R(12+12,14)

DIMENSION SORTOT(3,14)

110 FORMAT (43X,25H28588 #LYUAL TRANSITS s8388%)
120 FURMART (/6X»S(6X2AD18X) s/
+ 1XeSHCLASS » SCIX 2 2HUP » 4X )y ZHDN» 2X ¢ SHTOTAL 14X ) )
130 FOKMAT (/76X04(6XeAT 18X}/
+ 1XrOHCLASS 1 A(3X e 2HUP 1 X » 2HUN» ZX» SHIOTAL ¢ 4X) )
2 FORMAT (3X212¢1X+e3(¢(3¢F4.1¢3X)¢1X))
4 FORMAT (8Xs5(3(AH-—==13IX)s1X) 1/
+ 1XeSHTOTALS(3(FA,1:3X)»1X))
12 FORMAT (6XrA(3(AH~~==93X)91X)s/»
+ 1XeSHTOTAL v 4(3(FA,.2¢3X)el1X))
170 FORMAT(S5(/))

CALL HEADER (ISs» INUMB» IRy ISN, ILTML)

WRITE(B.110)
WRITE(8:120) (IBMOCI)s»I=4,8)
DO 100 LC=4aslU
WRITE(Bs2)LLr ((SOR(IILErI)rImyir3) s InqyB)
100 CONTINUE
WRITE(B14) ((SORTOVT (NUsMN) 1MIIm1 9 3) s MN=4,Q)
WKITE(B8+120) (IBMOCI)»I=9,13)
0O 200 LCe4yrll
WRITE(B92) LCy((SORCIeLLr D) 21Im1:3)9Juw9y13)
200 CONI INVE
WRITE(B14)((SORTOT(NDsNN) +ND=193) s MN=P,13)
MRITE(B»130) 1¥n0(14)y (IBMO(I)91=1+3)
DO 300 LC=4a,LU
WRITE(B»2)LL» (SORCIILCr14)012193) e ((SOR(IILCII)
+ I=l1s3)edmieyd)
300 CONTINUE
WRITE(By12)(SURTOT(ND»14)+ND=1+5) 9 ((SORTUICNNIMN) yND=1,3),
+ MN=1s3)
WR1TE(81170)

RETURN
END

SEEBURENRRNNESSLILESSAREERENLUERALNASIRELELELRB T LIRS KEXARAREELLE TN

SUBRGUTINE QUETAE (1S¢INUMBY IRy ISNeILTHL,
+ SORTOLSORTOTILU)

INPLICIT INTEGER (I)

SUPPROGRAM GUETAB PRINTS THE QUEUEING AND LUCKING TIME INFORMATION

COMMON /MEDCOM/ IBMOC14)91YRCHO)
COMMON /CALCOM/ ADDTRN(6+12+2)+CARGOP(4+2+80) ¢

+ CTRAN(6512+4) sCTRNPHCS6912+2) sEXTPT(692,80) yHRS(140496)

+ TMLOCK(12+1214)9VSA(14112+4)

CONMON /QUECOM/ CAGOCL(6+12)9UBTRNC12+3,14)sDLTRNC1Z13014)y
DHC14)1DTCS293v24) v IUBYRNCL213) 9 ICTRNP (60220220 JULTRN(1203)
IHRS(14) s ILTR(3712) 1 IRHO( 49 14) 1 ISUEV(452,14) 0 ISYSTH(14)
ITLTR(3012) s IVACST(15+12,4) o ITHCYC(492,14),110T(3+13)
ITOTC(2:6) 9 DU TCSTC1Z23) s QUECA92+14) 9 TOTDB(3014) 9 70TDL(3014)y
TOTDT(3014) 1 MTOMCA92+14) o XDBTRN(1252) v XDLTRN(12,2)

L R K X J

DINENSION IWAITM(492+14)
DINENSION SORTOL(12/14)+SORTOT(3014) ' MAITC(4+2) 1 WAITH(412014)
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S
21438
2173
2146
2149
2191
2192
2193
2194
2193
2130
2151

127
c

2319

2180

900

FORMAT (1X)

FORMAT (41X+29H8838 QUEUING INFURMATIUN s838)

FORMAT (48X» 17HCUNSTKALINING LOCK)

FOURNAT (31Xs7(3IXsA9) 9/ 130X02(AX s ZHUP » 4X ¢ 2HDN) )

FOURMAT (1X»26HLOCK OPERATION TIME (MRS) »/(6Xs16))

FURMAT (1X»29HLUCK CYCLE TIME (MIN)I MEAN »/7(2C1X015)))
FORNAT (1X¢29H T BY DRV Z(2¢(1X015)))
FOKMAT (1X29HAVE.WAITING VIME (HOURS) 22(2¢1XeF5.2)))
FORNAT (1X»29HAVE. QUEUE LENGTH (SHIPS) #7(2(1XsF5.2)))
FORMAT (1X¢26HLOCK UTILIZATION (X) +7(6Xr16))

FORNAT (//43X+24HREMAINING LUCKS _ SYSTEN)

FORMAT (1X+21HSYSTEM ROUNDTRIP (IME»3Xe7(6Xs16)e/
+ 1XY22H . WAITING TIME (HRS))

FOKMAT (S5¢(/))

CALL HEADER (ISs+INUMB» IR, ISNsILTHL)
DO 2319 Is1,14
IHRS(1)®HRS (1o IEN+1)40.S
CONT INUE
WRIVE(Br2145)
IKNT1=0
IF (IS .EU. 1 «AND. LU .GE. 12) IKNYI= 1
IKNT1IKNT141
V0 500 I=1,3
DO 500 J=1,2
WAITC(1,J)=0.0
DO S00 K=1,14
WAITH(I+J»K)®=0,0
INAITH(1+JeK)=Q
CONTINUE
IFC I£.NT.1 ) WKRITE(B,217%)
1F( IS.EL.1 ) CALL QUEUECIKNTL.LWU)

c
C CONSTRAINING LOCK

&

3002
3001

3000

3006
3005
3004

I 3022
3023

! 3007

MRITE(B+2146) (IBMOC(I)»1war10)
WRKITE(8,2149)(IHRS(1)rIm4s10)
WRITE(O+2193) (JTHCYCCIKNTI 92+ 1) ITHCYCCUIRNNT L 19X) 0 Im4910)
WRITE(8¢2192) (ISDEV(IKNSIL1¢20I) v ISDEVC(IKNT10191)+i=4+10)
WRITE(B22193) (WTANCIKNTL 229 I) o MYQM(IKNTL191+91)91245410)
IF (1S .EQ. 1) GO TO 3000
PO 3001 K= 1,2
DO 3002 I= 1,14
WAITHCIKNT1 /Ko I)® WTUMCINNTI9Ke1)8 SORTUT(Ke1)8 DM(1)
WATTCCUIKNTLvK)= WAITCC(INNTLsK)4 WAITMC(IKNTLI»KsI1)
CONTINUE
CONTINUE
GO TO 3004
DO 3005 K= 1,2
IF(K.EW.,1) KB=2
IF(K.EW.2) KS=1 -
K21 (IKNT1-1)834KS
DO 3006 I= 1,14
WAITHCIKNTI»Ke)® WTAMCIKNTL+Ky1)8 SORTOL(K121)8 BHCI)
WAITCCIKNTLsK)® WAITCC(IKNTITK) ¢+ WAITMCIKNTIIKoI)
CONTINUE
CONTINVE
DO 3021 K=3,2
DO 3022 I=1:14
TWAITHCINNTL o Ko 1) =WAITHCIKNTL9K9 1) 40.5
CONTINUE
CONTINUE
HRITE(8y3007) (IWAITMC(IKNIL92¢1)e
4+ IWAITHC(IKNTLIv101)s1=4,10)
FORMAT (1 X+ 2YHHONTHLY WAITING TIME (MRS) 27(216))
WRITE(B+2194) (QUE(IKNI1+2¢+1) sQUECIKNTI2201)01=4410)
WRITE(By2195) (IRHOCIKNT1+1)sIm4y10)
MRITE(8/,2146) (IBMOCI)vImtlel14)y C(IBMOCI)i1mied)
MRITE(Br2149)(IHRS(I)r1w119314)9 (IHNRS(I)91m1,3)
WRITE(89¢2191) (ITHCYCCIKNT1+2¢1) v ITMCYCC(IKNTYL 229 I)sIm12914),
+ (ITHCYCCIKNT12201) o ITHCYCCIKNYLv10I)0Im103)
WRITE(8,2192) (1SUEVCIKNT1+2/ 1)+ ISDEV(IKNTL 1) 0Im11r14)y
+ C(ISDEVC(IKNT192¢1) 0 ISDEVCIKNT191+1)91#1»3)
WRITE(B92193) (NTAMCIKNT1+2¢ 1) »MtONCIKNTL291)rIm11014))
+ (MTGMCIKNT192/ 1) oW IGHMCIKNTI391) 0 1Im13)
WRITE(B,3007) (IWAITM(IKNT1¢2:1),
+ IWATTHCIRNTLv1+1)0l=12014) s CIUATITMCIKNTIN201) s INATTHC
+ IKNT1,1el)el=1,.3)
MKITE(8+12194) (GWUE(IKNT1+2,)1)+QUECIKNTLI 12 I)slm11414),
4+ (QUECIKNT1»2+I)sUUECIKNTL 1) 0 ]mt,3)
WRITE(B92195) (IRHOCIKNT11)vIm114914),
4+ (IRHOCIKNTLs1)91=2,3)
WRITE(8+3008) WAITCC(INNT1,2)»MAITC(IKNTI 1)
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3000 FURMAT(/»1Xe29KYEARLY WAITING 11IMt (HOURS) e 7X e BHUPBOUND ¢ »
+ 1X+1F8.0+7X+s 30HDOWNBOUND! »1XeFé.0)
IFC IS.NE.1 )GOT0 2181
IFC IKNT1.LE.2 ) GOTC 2160
IF (LU .BE. 11 .AND, IKNT1 .ik. 3) GO TO 2160
GOT0 2182

Cc
C MNON-CONSTRAINING LOCKS

[N
2181 CONTINUE
WRITE(8,2150)
WRITE(B+2146) (1BMOCI)+11%4y10)
WRITE(Ds2149)(INRE(1)¢1124,10)
WRITECBs2191)(IINCYC(2+2:1)9ITHCYC(2+10]1)91I=4,10)
WRITE(B+»2192)(ISDEV(2+2¢1)¢ISDEV(251:1)+1%4,10)
WRITE(D12193)(NTAM(2y2+ 1) s M TUN(2¢04,1)1Iw4,10)
WRITE(B:2194)(GQUE(2¢29 1) QUE(29201)21m4as10)
MRITE(Br2195)(IRHO(2¢ 1)+ 1=4,10)
WRITE(By»2151) (ISYSTNM(1)s124+10)
WRITE(892146) (IBMO(I)eIn11014)y (IBMOCI)oIm1,s3)
WRITE(B12149)(IHRS(1)+1=21914)9 (INRS(I)v1m1,3)
WRITE(B92191)CITHCYC(2+,2¢11)91THCYC(20101)0lm11014)
CIVACYC (2929 1)y ITHCYC(2:101)¢I®1»3)
WRITE(Ds2192)(ISDEV(2:2+1) 0 ISUEV(2919I)e]Imi1,514)
(ISDEV(2+2+1) 9 ISDEV(241s1)01Im1:2 3)
WRITE(B 12193 (WTUNCZ» 22 1) »MTAM(2+1,1)sIm21+14),
(MTOM(2:2+1) 9 WTAM(2+201)91m2,3)
WRITE(8+2194)(QUE(Zr 2+ 1) QUE(2+101)sIm11014),
(QUE(2+2,1)eQUE(2+191)01Im1,3)
WRITE(892195)CIRHO(202)s1mL2014)s
+ CIRMOC2+ 1)+ I=1,3)
WKITE(8+2151)(ISYSTHC(I) v Im11+24)»{ISYSTH(I)r»]I=1,3)
2182 CONTINUE

+ > >

+*

WRITE(8+127)
C
RETURN
END
c
C BX223XXXRLEEARSXXETELLELLEEASERELEREBIBESRASLAESXABAELABEASL LSS L8845
C
SUBROUTINE ACCARG(CARF ¢ IR?
[+
IMPLICIT 1INIEGER (1)
c
c
C SBUBPROGKAM ACCARG PRINTS THME ACTUAL CAKGU FLUM 1ABLE
[
COMMON /CARGCM/ CAGOCM(6114)9sS0R(12+12+14)
COMMON /PRJCOM/ IPCAKG(3+15+13)+PCARG(3+15+6)
c
DIMENSION CAKRF(3+15,80)
DIMENSION ITFLONCIS) 1 1CAGO(15:14)+1CAGIS)
c
INTEGER ICFLOW(1D)
4
DATA ICAG / OMWHEAT »BHSOY HEAN, BHBAR+KYE »
4+ BHCORN rBHOIL SEEDBHLIMESTN sHHIRON ORE»
+ BHCOAL 1OHRAW MATL s HHFETROUL  +BNCEMENT
4+ UHMINERAL +8HDRY EULN»BHGEN LAKGrBNSTL FROD /
c
1 FORMAT (4(/)+37X240MACTUAL CARGO FLOMW BY LLUMMODITY AND MONTH)
2 FORMAT (3X,SIHCARGO 1 APR 2 AFR HAY JUNE JuLY AUG v
+ A2HSEPT uCT NOV ) DEC 2 DEC JAN ’
+ 1BHFEB WARCH TOTAL»)
4 FORMAT(1X)»A1071X914(1691X)017)
S FORMAT (12X 14(6H= ===~ ?1X) e 7H=mm== “v/
+ SXs7HTOTAL 114C146¢1X)¢17)
11 FURMAT (2X+»37HCARGO FLOW CAPACITY HAS BEEN REACHMED#+/»
+ 2X941HCARGO FLOW PROJECTION CAN NOT PDE REACHED.)
c

DO 12 IA=1,1S
ITFLOW(1A)=0
ICFLOW(IA) =0
12 CONTINUE
WRITE(B,1)
WRITE(8+2) /
DO 6 HN= 1,14
DO 7 MC= 1,5
ICAGO(MCMN)= CARF(I'MCrIK)IE CAGOCH(4ArMNI+ 0.5
7 CONTINUE
ICAGO(6+MN)= CARF(3+6+IRIE CAGOLM(IoNNI+ 0.5
ICAGO(7+MN)= CARF (3¢ 7y [K)E CAGOCM(L1+HNI+ 0.5
KCAGQ(@+MN)® CARF(3+8+IR)S CAGOUH(Z)WN)+ 0.5
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DO 9040 NC= 9+13
ICAGO(NCMi)= CARF(J:NC+IRIS CALOCH(S,MN)+ 0.3
7060 CONTINUE
DO 9070 NCes 14013
1CAGO(NC NI = CARF (3+NC>IKI8 CAUOCH(S- M)+ 0.3
070 CONTINUE
6 CONTINUE
DO 9071 MC= 1,13
DO 9090 MN= 1:14
IVFLOM(NC)= ITFLOWC(NC)+ ICAGOCAC M)
090 COMT INUE
MRITE(@+14)ICAB(NC) ¢+ CICAGO(NC 1N ) o MN=4,14) ¢ CICABGO(NC 1 i904) »
+ WN=1,3) s XTFLOW(NC)
Y071 CONTINUE
DO 2600 MN= 1,14
DO 9601 NC» 1,13
JCFLOM(MN)= ICFLOW(MN)+ TCAGO(NC M)
¥601 CONTINVE
ICFLOW(1S)» ICFLOW(13)¢ ICFLUN(NN)
9600 CONTINUE
WRITE(O:5) CICFLOW(I)oImar14) e (ICFLOWCTI) s T2108)+ICFLOW(1S)
14 CONTIMNUE
WRITE (8+2480)
2488 FURNAT (4(/))
c

RETURN
END
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SO0 DATA FILE

11 GOMOGOs DATA FILE IDENTIFIER

10 HAXIMUM VESSEL CLASS

100+0+0 SEASON EXTENSIONS

10,000 LUCKING TIMES (NORMAL» LOW» HIGH)

SHIP UTILIZATION FACTORS
FACTOR: CALFAC

} 0.80¢0.80+0.80+0.80¢0.80+0,80:0.80+10.80+0.80,0.80
1.0001.00000.,00+00.00+00.00+00.00¢00.00y00.00
FLEET MIX SHIP BUILDING FACTORS

RE COAL STONE GRAIN UBULK GCARGO CLASS
0.00 0,00 0.00 0.00 0.30 0.20 4
0.10 0.10 0.40 0.10 0¢.60 0.00 S
0.00 0,05 0.00 0.20 0.00 0.80 6
0.20 0.40 0.60 0./0 0.10 0.00 4
0.10 0.15 0.00 0.00 0.00 0.00 8
0.00 0.00 0,00 0.00 0.00 0.00 9
0.60 0.30 0.00 0.00 0.00 0.00 10
CARRYING CAPACITY BY SHIP CLASS (IN SHORT TUNS)
4 S é 7 a 10
09500, 21000. 15000. 27000. 28000. 45000. 60000, IRON ORE - STUNE
08700. 14000. 13%000. 21000. 24000. 28000. 40000. COAL - GRAIN
08700. 14000. 15000. 21000. 24000. J8OO0U. 60000. BULR - GENEKAL CARGO
VALIDATION TRANSIT ULISIRIBUTION FACTORS
JAN FEB MAR AFPR APR MAY JUN JLY WUG SEP OCT NGV UEC DEC
+007 000 .000 .023 .046 ,120 .17 .131 .123 .131 .127 101 .037 .025
+007 .000 .000 .0U3 .048 .120 .127 131 .123 .141 .127 .101 .037 .02%
007 .000 000 .023 048 ,120 .127 .131 .123 .131 .127 ,101 .037 .025
CaRGO PROJECTIONS 8833 1978 s585% (SHORT TONS / YEAK)
DOWNBOUND
17401. 13S. 3430. 1609. 1282. 0.0 67699. 76. 2046. 141.
1. .. 1702, 576, 252.
$83s 1978 5888
UPBOUND
0.0 0.0 ¢.0 0.0 0.0 199S, 178. 42. 4917, 1064,
H07, 459. a3. 490, 46,
2588 1985 ss838
DOWNBOUND
22917. 42. S084. 1408. 1298. 0. 73007, @1. 4685. 152,
1. 49. 1900. 423, 284,
888 1v95 sz8%
UPBOUND
0. 0. 0. 9. Q. 2060. 197. 48. 65S1. 1149,
948. S04. 101, 742, 91.
2388 1990 8288
UOQWNBOUND
25731. 46, 6566, 1211. 13511, Q. 80554. 97. 11702. 138.
| X S55. 2042, 639, 299.
888 1990 3858
UPBOUND
Q. 0. 0. 0. 0. 2307, 224, 32. S410. 1199,
1051, 337, 114, 781, 73.
858X 2000 X338
UOWNBOUND
25171, 73, 73359, 1139, 1337, 0. 90495, 113, 17338. 174.
2. 70. 2376, 739, 330.
3388 2000 5883
UPBOUND
0. 0. 0. 0, 0. 2343, 254. é1. 66836. 1306,
1338. 618. 148, 867. 764
$3%8 2010 s52%
NOWNBOUND
27033. ?77. 6407, 1244, 1364, 0. 104196, 134, 19749, 1v2.
2. 87. 2758, 827. 365,
$58% 2010 2838
UPBOUND
0. 0. Q. 0. 0. 2884, 292. 71. 7811, 1423,
1626, 709. 188. v61. . va,
2588 2020 £233
DOWNBOUND
28978, 79. v167. 1371. 1391, Q. 118656 139, 17951, 211.
2. 110, 3202. v27. 399.
588 2020 5328
UPBOUND
0. 0. 0. 0. 0. 3302, 332. a2. 2238. 1553,
2098, e17. 231, 1066. 73,
32X 2030 *X88
DOWNBOUND
31635. 80. 9926. 1297, 1419, Q. 134166. 100. 17991, 233,
2, 140. 3716, 4039. 443,
588 2030 s83%
UPBOUND
0. 0. (-8 [ 0. 3780, 373. 6. 9045, 1690.
2627, 945. 289, 1183, 120,
S83% 2040 588




DOWNBOUND
34301. 82, 10487. 1420, 1440, o. 130710, 224. 18036. 237.
24 180, 4317. 1164. 4y1.

SS38 2040 S383
UPBOUND
0. 0. Q. Q. 0. 4328. 4%S. 111. 9942. 1838,
3291, 1097. 3é1. 1313, 157.

S¥XE 2050 888
DUWNBOUND
36694, 84, 12207. 1769, 1462, 0. 166055, 266. 18083. 28s.
3. 234. So010. 13035, 243,

8888 2050 ss83
UPBOUND
Q. Q. Q. 0. 0. 4935, 478. 129, 10939. 2044,
4123, 1279. 4S1. 1436. 195,

HOURS AVAILABLE
JAN FEP MaR

FOK LOUCKING OPERATIONS BY MONTH
APR  AFR  MaY JUN JUL AUG SEPT ULT Nuv DEC DEC

23.8 23.9 23.9 23.7 23.7 23.7 23.8 23.9 24.0 23.6 23.8 23.9 23.9 23.9

LOCKING TIME IN MINUTES
4 S ] 7
0039. 0042. 0042. 00435,
0038. 0041, 0042, 0045,
0073, 0073, 0074. 0O77.
V068. 00635. 0065. 0061,
LUW T1IMES

4 ?
0073,
0058.

S
0066. 0074,
©0S8. 0043.
HIGH TIMES

4
0080, 0074. 00746. 0079.
00/8. 0087. 0067. 0064.
L.OCANING VINE STANDARD DE!

4 S 6 7
002.8 003.2 002.7 002.8
002.5 002.8 004.0 003.5
006.3 006.7 006.2 006.3
009.0 009.3 009.3 009.7
VALIDATION BIAS TRAFFIU
L.AP L.AP E.DC L.UC
00.50 00.20 00.460 00.80
TURNBACK TIME I[N MINUTES
MAC POE s-p
0000 0000. 0000.

" SHIP COST ($/MOUR) BY SH
4 S é
000373, 000396, 000423,
000287. 000356. 000397.
NON-COMMERCIAL CRAFT DAI
JAN FEB MAR APK AFR
00.0 00.0 00.0 00.0 00.0
02.0 03.0 03.0 01.0 00.0

L.OADING FACTOR - FLOAD
1] c s G [a] ] GC
1.0 1.0 1.0 1,0 0.85 .85
ONE WAY DISTANCE (ULISTN)
ORE COAL STONE GRA
00824, 00774. 00790, 014
00000. 00782. 00549. 00Q
LOADING RATE (FILL)
ORE COAL STONE
(2800, 09000. 02800,
02800, 09000. 02800.
02800, 09000. 02800.
02800, 09000. 02800,
02800. 09000, 02800.
02800, 09000. 02800, 014
02800, 09000, 02800. 014
UNLOADING RATE (EMPTY)
ORE COAL STONE GRA
02800. 01848. 00700. 012
02800. 01848, 00700. 012
11200, 01848, 06720. 012
11200, 01848. 06720, 012
11200, 04720. 06720, 012
11200, 06720, 06720, 012
11200, 06720, 06720, 012
(OPERATING HOURS PER MOUNT
JAN FEB HMAR APR AFR
000, 000, 000. 356. 3%6.
000, 000. 000, 356. 3IT6
000. 000. 000. 356. 1%6.
000, 000. 000. 356. 336.
000. 000. 000. 356. 3S6.
000. 000. 000, 356. 356.

6
0072,
0063,

é 7

GRA
014
014
o14
014
014

BY SHIP CLASS
] y
V048, 0000.
0046. 0000,
0078. 0101.
0068. 0073.

10
0000,
0000.
0106.
0089,

SHIP CLASS
DOWN FOR
uP

DOWN

e

8
0077,
0067,

9
0096,
0067,

10
0102.
0084.

SHIP CLASS
BUNN FOR
uP

[} 9 10
0079. 0106. 0110,
004Y. 0077, 0094.
VIATION IN MINUTES BY SHIP CLASS

e ? i0 SHIP CLASS
003.0 000.0 000.0 DOWN FOR
002.2 000.0 000.0 ur
003.5 006.3 005.5
00S5.3 005.7 007.3
FACTORS

SHIP CLASS
DUUN FOR

BY LOCK

IP CLASS

8 9 10
000435, 000423, 000553. 000579,
000438, 000493, 000630, 000767,
LY ARRIVAL ~ ICE LOCKAGES
MAY JUN JUL AUG SEF OCT NOV
00.0 00.0 00,0 00.0 00.0 00.0 00.0

00.0 00.0 00.0 00:.0 00.0 00.0 00.0

IN 0 BULK
78. 01149,
00. 01077,

G CARGO
Q0873.
00782,

1IN

81.
e1.
81,
a1.
81.
“1.,
G1.

0 BULK
00600.
00600.
00600.
00600,
00600.
00400.
00600,

6 CARGO
00150.
00150,
00150.
00150,
00150,
00150,
00150.

oCcoONOUS

-

IN
b4.
66,
86,
LT N
66,

0 BULK
o144,
00143,
00143,
00143,
00143,
66, 00143,
66, 00143,
H PER
HAY
735,
73s,
73S,
735,
735,
735,

G CARGO
001350,
00150,
00150.
00150.
00150.
00150,
00150, 10
SEASUN EXTENSION (HRS)
JUN JUL AUG SEP OCT
714, 741, 744. 714, 734,
714, 741. 744. 714. 238.
714, 741, 744, /14. 730,
714, 741. 744, 714. 748.
714. 741, 744, 714. 738.
714, 741, 744, 714. 738,

VDN

NOV

717,
7172,
7217,
717,
217.
212,

C-3

SABIN-DAVIS LOCK

FOR MACARTHUKR-POE LOCK

MACARTHUR-POE LULK

MACARTHUR-POE LUK

SANIN-VAVIS LOCK

SHIP CLASS
OPERATING COST
CAPITAL CUST

DEC DEC
00.0 00,0

00.0 00.0 ON

DEC

360.
360,
360.
360,
360 *
360,

vel

384,
34,
384.
384,
Jua,
384,

ORE EXT 1
CoAL
STONE
GRAIN

U BULK

G CARGU




738. 000. 000. 336, 334, 735, 714. 741, 744, 714, 738. 717. 360, 304. ORE EXT 2
738, 000. 000. 3IT6. 3I54. 735, 714. 741. 744. 714. 738. 717. 360. 384. CUAL

000, 000. 000. 3Sé. J56. 7235, 714. 741, 744. 714, 738, 717, 360. 3wa. STONE
000, 000. 000. 334, 334, 735, 714. 741. 744, 714. 738. 717. 360. 304. GRAIN

000. 000, 000. 336. 356, 735, 714, 741. 744, /14. 7238. 717. 360. 364. U BULK
000, 000. 000. 3J54. 356, 735. 714. 741. 744, 714, /38. 717. 360, 384. G CANGO
738, 669. 000. 356. 3356, 735. 714, 741, 744, 714. 738. 717. 360, 384. ORE EXT 3
738. 669, 000. 356. 3546, 735. 714. 741, 744, 714. 738. 717. 360. 384. COAL

000, 000. 000. 356. 356, 735. 714. 741. 744, 714. 73%6. 717. 360, 364. STONE
000, 000. 000. 356. 356. 735. 714, /41. 744, 734. 738. 717. 360, 384. GRAIN
000. 000. 000. 356, 356. 735, 714. 741. 744, 714, 738B. 717, 360. 384. O BULK
000. 000. 000. 356. 336. 735, 714. 741. 744, 714. 738. 717. 360, 384. 0 CARGO
738, 669. 741, 356. 336. 73B. 714. 741. 744, 714. 738, 717. 3460. 304. ORE EXT 4
738, 469. 741, 336, 356. 738. 714. 741. 744, 714, 738. 717. 360. 384. COAL

000. 000. 000. 356. 3J36. 735. 714, 741. 744, 714. 738. 717. 360. 364. STONE
000, 000. 000, 354. 356. 735. 714. 741. 744, 714. /736. 717. 360, 384. GRAIN
000, 000. 000, 356, 3%6. 735. 714. 741, 744, 714. 7364, 717, 360. 384. O BULK
000, 000. 000, 356. 356. 735. 714, 741. 744, 714. 738. 717. 360. 394. G CARGO
VESSEL SPEED BY MUNTH AND CLASS (VSA)

JAN FEP MAR APR APR HMAY JUN JUL AUG SEP OCT NOV DEC DEC

00,0 00.0 00.0 13,0 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.6 4 EXT 1
Q0.0 00.0 00.0 13.1 13.9 13,9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.8 S

00.0 00.0 00.0 13.9 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6 é

00.0 00.0 00.0 14.0 14.7 14.7 14.7 14.7 14.7 14,7 14.7 14.7 14.7 14.6 ?

V0.0 00.0 00.0 14,2 14,9 14.9 14.9 14.9 14,9 14,9 14.9 14.9 14.9 14.8 )

00.0 00.Q 00.0 14.5 14.9 14.9 14.9 14.7 14.9 14.9 14.9 14.9 14.9 14.8 9

00,0 00.0 00.0 14.5 14.7 14.9 14.9 14.9 (4.9 14.9 14.9 14.9 14.9 14,8 10

11.6 00.0 00.0 13.0 13.9 13.9 15.9 13.9 13.9 13.9 13.9 13.9 13.9 13,6 EXT 2
12.5 00.0 00.0 13.1 13.9 13.9 13.9 13.9 13.9y 13,9 13.9 13.9 13.9 13.8

13.2 00.0 00.0 13.9 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.6

13.7 00,0 00.0 14.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14,7 14.7 14.6

13.9 00.0 00.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8

14.1 00.0 00.0 14.5 14,9 14,97 14.9 14.9 14.9 14.9 14.7 14.9 14.9 14,8

14.1 00.0 00.0 14.5 14.9 14.9 14.9 14,9 14.9 14.9 14.9 14.9 14.9 14.8

11.6 09:3 02.0 13.0 13.9 135.9 13.9 135.9 15.9 13,9 13.9 13.9 13.9 13.6 EXT 3
12,5 10.1 00.0 15,1 15,9 13,9 13.9 13,9 13.9 15.9 13,9 13.9 13.9 13.0

13.2 10,7 00.0 13.9 14.7 14.7 14.7 14,7 14.7 14.7 14.7 14.7 14,7 14.6

13,7 11.9 00,0 14.0 14.7 14.7 14.7 14,7 14.7 14.7 14.7 14.7 14.7 14.6

13.9 1247 00.0 14.2 14,9 14.9 14.9 14.7 14.9 14.9 14,9 14.9 14.9 14.8

14.1 12.7 00.0 14.3 14,9 14.9 14.9 14.9 14.9 14,9 14.9 14.9 14,9 14.8

14.1 12,7 00.0 14.5 4.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8

11:6 09.3 09.9 i3.0 13.9 13.9 135.9 13,9 13.9 13.9 13.9 13.9 13.9 13.6 EXT o
12.5 10,2 10.5 13.1 13,9 13,9 13.9? 13,9 13.% 13,7 13.9 13.9 13.9 13.8

13.2 10.7 11.1 13.9 14.7 14.7 14,7 14.7 14.7 14.7 14.7 14.7 14.7 14,6

1307 11.9 12.0 14,0 14,7 14,7 14.7 14,7 14,7 14.7 14.7 14.7 14.7 14,6

13.9 12.0 12:2 14.:2 14,9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14,9 14.8

14,1 12.7 13.0 14.5 14.9 14,9 14,9 14.9 14.9 14.9 14.9 14.9 14.9 14.8

14,1 12,7 13.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
RELATIVE DEMAND INDEXES (DIN)

JAN FEB MAR E.AP L.aF MAY JUN JLY AUG SEP (CT NOV E.DC L.DC
00,0 00,0 00.0 01.8 04.2 10.0 10.0 10,0 10.0 10.0 10.0 10.0 03.2 02.1 EXT 1
06.0 00.0 00.0 01,84 04.2 10.0 10.0 10.0 10.0 10,0 10.0 10.0 08.0 07.0 EXT 2
07.0 06,0 00.0 01.8 04,2 10.0 10,0 10.0 10.0 10.0 10.0 10.0 06.0 07.0 EXT 3
07.0 07.0 07.0 08.0 09,0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT 4
VESSEL RETIREMENT FKACTIONS (PQ)

BLASED TRAFFIC FACTOR (BTF)

JM FEB MAR E.AP L.AP MAY JUN LY AUG SEP OCT NOV E.DC L.DC
0,00 0.00 0.00 0.50 0.20 0.00 0.00 O.
0.03 0.00 0,00 0.350 0.20 0.00 0.00 O,
0,00 0.05 0.00 0.50 0.20 0.00 0.00 0.
0,00 0.00 0.00 0.00 0.00°0.00 0.00 0.
EXTENDED SEASON DISTRIBUTIOUM FKACTION
J=1 F=2 He3

4 s 6 7 (" 9 10 YLAR
.00 0.00 0.00 0,00 0.00 0.00 0.00 1v76
0,56 0.30 0.20 0.00 0.00 0.00 0.00 1v8S
1.00 0.50 0.30 0,00 0.00 0.00 0.00 1990
1.00 0.80 0.50 0.10 0.20 0.00 0.00 2000
1.00 0.8%5 0.80 0.20 0,30 0.00 0.00 2010
1,00 0.95 0.65 0,30 0.80 0.00 0.20 2020 .
1.00 1.00 0.95 0.80 0.92 0,00 0.30 2030 ‘
1.00 1.00 1.00 0.65 1.00 1.00 0.50 2040 |
1.00 1,00 1,00 0.0 1.00 1.00 0.60 2050 '
BASE YEAR FLEET (MASEF () f
4 s 6 ? “ 9 10
0,00 30.10 0.00 /.50 6.60 1.00 8.00 URE !
1.40 4.30 1.00 0.30 0.00 0.00 1,00 CuaL !
0.60 0.90 0.00 0.00 0.00 0.00 0.00 S10NE J
1,40 7.30 4.90 14.80 0.00 0.00 0,00 GRAIN ! '
0,00 1.10 0.00 3.80 0.00 0.00 0,00 0 BULK {
2,70 0.00 3,80 0.00 0.00 0.00 0.00 G CARGO i

00 0.00 0.00 0,00 0.00 0.60 0.80 EXT 1
00 0.00 0.00 0.00 0.00 0.10 0.10 EXT 2
00 0.00 0.00 0.00 0.00 0.10 0.10 EXT 3
go 0.00 000 0.00 0,00 0,10 0.10 EXT 4

1.0000 0.0000 0.0000 1SN2 .
0.5000 0.3000 0.0000 ISN3 j
0.3333 0.3333 0.4333 ISNe

I .
I
[ ;,

|
i
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CAPACITY INCREASE WITH DEPTH (SHORT TUNS PER YEAR)
4 6 ? 10

[} ?
©.00 91.80 61.80 113.10 115.60 167.10 207.10
b CAPACITY EXPANSIONT? 1=YESsOeNO
1 CAPAC11Y EXPANSION MEASURE '
0.073 0.075 LOCKING TImt TRAVELING NEVELS
0.023 0.025 REDUCTION FACTORS INCREASE SHIP SPEED
0.033 0.010 FASTER DUMP/FILL
(0.045 0.04S TRAFFIC CONTROL
0.130 0.130 MAXINUN UTILITY
b} LOCKING TIME REDULTIUN SELECTOR
1 CAPACITY EXPANSIONT.
3 INCREASE ALLUOWABLE DKAFT
32.0 NEW UKAFT
] UVECEPER DRAFT AND LARGER SHIPS
['] CAPACITY EXPANSIUN MEASURE 2
2 BUILL LARGER LOCKS
11 MAXINUM SHIP SIZE
0,80 0.80 IBHF

FLEET MIX BUILDING FACTORS
URE COAL STONE GRAIN OBULK GLCARGO

0.00 0.00 0.00 Q.00 0.30 0.10 4
0.10 0.05 0.40 0.05 0.40 0.10 s
0.00 0.05 0.00 0.10 0,00 0.30 6
0.00 0.10 0.60 0.50 0.10 0.00 ?
0.30 0.05 0.00 0.00 0.00 0.50 ]
0.00 0.00 0.00 0.00 0,00 0.00 v
0.60 0.45 0.00 0.40 0.00 0.00 10
0.20 0,10 0.00 0.20 0.00 0.00 11
0.00 0.00 0.00 0.00 0.00 0.00 12
SHIP CARRYING CAPACITIES

11 12
72000.0 Y0000.0 ORE
72000.0 Y0000.0 CoAL
72000.0 90000.0 STONE
72000,0 90000.0 GRAIN
72000.0 90000.0 0 BULK
72000.0 90000.0 G CARGO
LOCKING TINE (NORMAL)

4 s P 7 [} ? 10 it 12
73.0 73.0 74.0 77.0 78.0 0.0 0.0 0.0 0.0 DN-SABIN
68.0 65.0 65.0 61.0 68,0 0.0 0.0 0.0 0.0 upP
73.0 75.0 74.0 77.0 7.0 101.0 106.0 115.0 126.0 UN-MACARTHUR s POE »
68.0 645.0 65.0 61.0 68.0 73.0 9.0 98.0 113.0 UP  avIS
LUCKING TINES (LOW)

N s 6 7 8 v 10 H 12
73.0 75.0 74.0 77,0 78.0 0.0 0.0 0.0 0.0 DN~SABIN
68.0 65.0 65.0 41.0 68.0 0.0 0.0 0.0 0.0 up
73.0 75.0 74.0 7/.0 78.0 101.0 106.0 115.0 126.0 DN-HACARTHUR» PUE ¢
66,0 65.0 65.0 61.0 66.0 73.0 89.0 98.0 113.0 UP  DAVIS
LUCKING TIMES (HIGH)

N s P 7 4 ° 10 1 iz
73.0 75.0 74.0 77.0 78.0 0.0 0.0 0.0 0.0 DN-SABIN
68.0 65.0 65.0 61.0 68.0 0.0 0.0 0.0 0.0 uP
73.0 75.0 74.0 77.0 78.0 101.0 106.0 135.0 126.0 UN-MACARTHUR » FOE »
68.0 65.0 65.0 61.0 68.0 73.0 ©¥.0 Y8.0 113,0 UP  DAVIS
LUCKING TIME STANDARD DEVIATIUN

4 s 6 ? ¥ 9 10 11 12
6.3 6.7 6.2 43 3.5 0.0 0.0 0,0 0.0 DN
9.0 9.3 9.3 9.7 5.3 0.0 0.0 0.0 0.0 up
6.3 6.7 6.2 6.3 3.5 6.3 S.5 5.1 %1 DN
9.0 9.3 9.3 9.7 5.3 S.7 7.8 7.3 7.3 P
LUADING RATES

ORE COAL SIUNE GRAIN OBULK GCARGO CLASS
2800, 9000, 26800, 1481, 600. 150, 11
2800, 9000, 2800. 1481. &400. 150. 12
UNLOADING RATES

ORE COAL STONE UKAIN OBULK GCARGO cLASS
11200, 6720. 6720, 1266. 143. 150, 11
3 1200, 6720. 6720. 1266. 143, 150, 12

VESSEL SPEED

TJAN  FEB NMAR 1APR 2APR MAY JUN JUL AUG SEP ULCT NOV 1IDEC 2DEC

0.0 0.0 0.0 14.5 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 11
0.0 0.0 0.0 14.5 14,9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 12
NETIREMENT PERCENTAGES

11 12
0.0 0.0 1976
0.0 0.0 1985
0.0 0.0 1990
0.0 0.0 2000
0.0 0.0 2010
0.0 0.0 p 2020
0.0 0.0 2030
0.0 0.0 2040
0.1 0.0 2050
CAPACITY INCREASE WITH DEPTH

11 12

228.60 2%0.00
[+ CAPACITY EXPANSIONT
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WELLAND DATA FILE

1,2 GONOGOs DATA FILE IDENTIFIER

7 MAXINUM VESSEL CLASS

0¢110+0 SEASON EXTENSIONS

19000 LOCRING TIMES (NUKMAL »LOW HIGH)

0.7050.70+0.7010.70010.7000.70+0.70:0.70+0.70 SHIP UTILIZATION FACTORS

1.00+5.0010%.00001.17+10,70+100.00000.00:00,00 FACTUR)CALFAC/»SYSFAC»SYSADDSYSTEN

FLEET MIX SHIF BUILDING FACTOKS

ORE COAL STONE GRAIN UBULK GCARGO CLABS

0.00 0.00 0.00 0.00 0.20 V.20 4

0.20 0.10 0.20 0.0 0.30 0.00 S

0.00 0.10 0.10 0.3% 0.30 0.0 6

.80 0.80 0.70 0.60 0.20 0.00

CARRYING CAPACITY WY SN;P CLASS (1IN SHORT TONS)
4 3 L3

09300. 21000. 15000. 27000. IRON ORE . STUNE

08700. 14000. 15000. £1000. LUAL _ GRAIN

08700, 14000, 15000. 21000. OTHER BULK . UENERAL CARGO

VALIDATION TRANSIT DISTRIBUTION FACTURS
JAN FEB MAY APR APR MAY JUN JLY AUG SEP OLT NUV EC DEC
«000 .000 .000 .030 .050 .130 .120 .120 140 .i20 ,120 .120 .050 .020
+000 .000 .000 .040 .050 .130 .120 .i20 ,120 .120 .120 .120 .050 .010
<000 .000 .000 .000 .0G0OQ ,QVO .000 .000 .000 .000 .000 ,000 .000 .000

CARGO PRUJECTIONS #3558 1978 &332 (SHORT TUNS / YEAR)

2 e

DOWNBOUND
16022, 2791, 2994, 6666, 1202, 110, 4719, r¢s, 5906. 1217,
1. 1638, 2755. 998, 116,
5888 1978 ss38 °
1 UPBOUND
3 0. 0, ' ' 0. 46, 11219, 0. 0. 613,
480. 427. 2335, 1195, 3398,
S38% 1905 sx3X
DONNBOUND
20781, 2015. 4449, 72%2, 1299, 112, 4855, 754, $615. 1322,
1. 1825, 3234, 1088,  vo4.
2353 1985 A%
UPBOUND
0. . 8. '8 0. a9, 12000, 0. 0. 664,
600, 487, 2375, 1303. a4z,
SX8% 1990 £38%
DUOWNBOUND
23346, 2136,  S666. 4237, 1311, 126. 5418, Y01, 5155, 1400,
2. 1973,  3%94. 11%). 188,
528% 1990 ¥538
UPBOUND
. . 20. 0. 0. SS. 13503. 0. 0. 201,
LT S531. 2415, 1586. 4864,
4 EXE8 2000 488
DOWNBOUND
24290, 235%. 4317, SBéé. 1337. 13V, 5497, 10S52. 5714, 1541,
2, 2244,  42B1, 1307, 223,
SX88 2000 2288
UPBOUND
0. Q. 23. 0. 0. 42, 15309, O. 0 268, !
99, 420, 2469, 1569, 7142,
5388 2010 582K
DOWNBOUND
26120, 2497, 7259, 5405, 1364, 157, 5893, 1250, S716. 1494,
2. 2646, 4¥63, 1477, 287,
S38% 2010 3%%%
UPBOUND
0. 0. 2s. 0. 0. 49. 17544. O, 0. 842,
1048. 729, 2929, 1776.  684S.
2288 2020 388
LOWNBOUND
268024, 2%47. 7934, 7062, 1391, 180, 4342,  14§S. 5/23. 1863,
2. 3188, 5739, 1468, 304,
£38% 2020 3338
UPBOUND
0. 0. 25, 0. 0. 80. 19911. 0. [N 924.
1445, @gét. 2454, 2011. 70%8.
2588 2030 3888
VOWNBOUND
30626, 2598, ©609. 1212, 1419. 206, 6646, 1764, 5729. 2050,
2. 3940, 6358, 1985, 439,
2582 2030 338
UPPOUND
0. 0. 2s. 0. 0. 90, 22445, 0, 0. 1013,
1637, 1024, 2517, 2276, 111/4.
2388 2040 588K
HUWNBOUND !
33228, 2651. 9206. 9341, 1448, 236, 7418, 2096, 3734. 2249,
2. 5018, 7678, 2130, S84,
XTXE 2040 S288
UPBOUND
0. 0, S, 0. 0. 104, 5125, 0. 0. 1113.
2338. 1224,  2596. 2576, 14645,
$83% 2050 2832
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LUBNSOUND
35770. 2704, 10638, 9108, 1462, 271, 8043, 2490, S744. 2492,
3. 6596, 9883, 2406. 760,
$588 2030 s
UPBOUND
o. 0. 23, 0. 0. 119. <4078. 0. 0. 1222,

2v01. 1471, 2946, 2917. 14201,
HUURS AVAILABLE FOR LOCKING UPERATIONS By MONTH
JAN FEB MAR APR APR MAY JUN JUL AUG SEPT OCT NOV LUEC ULEC
23.4 23.4 23,4 23.2 23.2 23.4 23.5 23.5 23.4 23.3 23.2 23.2 23.4 23.4
LUCKING TIME IN MINUTES DY SHIP CLASS
4 S é 7 SHIP CLASS
0035, 0033, 0045, 004/. DQWN CONSTRAINING LUCK
G039. 0039, 0047. 0048. UP
GQ34. 0034, 0039, 0041, LOWN NUN-CONSTRAINING LULK
0U34. 0034. 0040. 0041. UP

LOW YINES

4 S é ? SHIP CLASS
0033, 0033, 0044. U045. DOWN LONSTRAINING LUCK
Q03B 0038. 0046. 004/, UP
U034, 0034. 0034. 0040. UVOWN NON-LONSTRAINING LOCAN
GU34. 0034. 0039. 0034, UP
NIGH TIMES .

4 S é 7 SHIP CLASS
0036, 0036. 0046 0048. VUWN CONSTAINING LOCN
0039, V039, 0048. 0049. UP
0035. 0035. 0040. 0043. DOWN NUN-LONSTRAINING LOCKN

0035, 0033. 004%1. 0041, UP
LUCKING TIME STANDARD DEVIATION IN MINUTES BY SHIF CLASS

4 S é 7 SHIP CLASS
002,7 002.7 003.5 004.1 DLUWNN CUNSTRAINING LOCAN
002.,8 002,98 003.8 004.1 UP
002.7 002.7 002.8 003.0 DGWN NON-CONSTRAINING LULKN
002.7 002.7 002.8 003.0 UuP
VALIDATION BIAS TRAFFIC FACTORS

E.AP  L.AP E.DC L.UC
00,60 00.60 00.70 00.80
TURNBACK TIME IN MINUTES BY LUCK
COM.  NON-C
0000. 0000. 000O0.
SHIP COST ($/HOUR) BY SHIP CLASS

4 S L 7 e ? 10 11 SHIP CLASS

000373. 000394. 000254. 000435. 0Q0423. 000553. 000579. 000632. OUPERATING COST
000287, 000356. 000238. 000438, 000493. 000630. QV0767, 000877, LAPITAL CUST
NON-COMMERCIAL CRAFT DAILY ARRIVAL . ICE LOCANAGES
JAN FEB MAR APR WPR MAY JUN JUL AUG SEP O0CLT WOV DEC DEC
00.0 00.0 00.0 00.0 00.0 00.0 00.5 Q1.0 01.0 00.5 00.0 00.0 00.0 00.0
02.0 03.0 03.0 01,0 00.0 00.0 00.5 01.0 01.0 00.5 00.0 00.0 00.0 00.5
L.UAUING FACTOR (FLOAD)
0 [ ] G ob GC
1.0 1,0 1.0 1.0 0.85 .85
UNE WAY DISTANCES(DISTN)

OKE COAL STONE GRAIN O BULK G CARGO .
0102%. 00237, 00187, 01412, 00342, 01080, DN
00sS88. 00389. 00589. 01043. 00SE?. 00684, UP
LUADING RATE (FILL)

UKE COAL STONE GURAIN U BULN G CARGO
02800, 09000, 02800. 01481. 00600. 00150,
02600, 09000. 02800. 01481, 00600. 00150,
02800, 09000. 026800. O14¥1. 00600. 00150,
02800, 09000. 02800. 01481. 00600. 00150,
UNLOADING RATE (EMPTY)

l URE COAL STONE GRAIN U BULK G CARGO

02800, 01848, 00700. 01266. 00143, 00150,
02600, 01848. 00700, 01266. 00143, 00150,
02600, 01848. 00700. 012646. 00143. 00150,
11200, 06720. 11200, 012846, 00143, 001%0,
HUUKRS PER mn0. PER SEASON EXTENSIUN (HRS)
JaM FEP MAR APR  AWPR MAY JUN JUL AUG SEP 0OLT NOV DEC DEC
000, 000, 000. 000, 348. 725, 704. 728, 724. 6Y8. 717, 494, 360. 000, UkE EXT. 1
0U0. 000. 000. 000. 348. 725. 704. 726. 724. 4Y8. 717. 694. 340. 000, COAL
000, 000. 000. 000, 348, 725, 704. 728, 724, 498. 717. 6Y4. 360. 200, STUNE
00, 000. 000. 000. 348. 725. 704. 728. 724, 698. 717. 494. 360. 000, GRAIN
000. 000. 000, 000, 348, 725, 704. 728. 724. 498. 717. 694. 360. 000, U BULK
000, 000. 000, 000, 348, 725. 704. 728. 724. 6Y8. 717. 694. 360. 000. G CARGO
000. 000, 000. 189. 348. 725. 704, 728. 724. 698. 717. 694. 3J60. 134, EXT, 2
000, 000, 000. 189. 348. 725, 704. 728. 724. 698. 717. 694. 360. 134,
000, 000. 000. 169. 348. 725, 7204. 720. 724. 6Y6. 217, 494. 360, 134,
000, 000. 000. 189. 348./725. 704. /28. 724, 698. 717. 694. 360, 134,

. 000, 000. 000. 1H9. 4k, 725. 704, 728. 724. 698. 717. 694. 360. 134,
000. 000. 000. 189. 348. 725. 704. 728. 724. 698. 717. 694. 360, 134.
264, 000. 000. 189. 3408. 725. 704. 728. 724, 690. 717, 694. 360. 134, EXT. 3
264, 000. 000. 189. 346. 725. 704. /28. 724. 699. 717, 694. 3&60. 134.
000. 000, 000, 000. 348, 725. 704. 728. 7.4, 690. 717. 694. 360, 000,
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00O. 000. 000. 000. 348. 725. 704. 728. 724, 498. 717, 6Y4. 360. 000.
000, 000, 000, 000. J48. 725. 704. 728. 724. 498, 717. 694. 360. 000.
GU0. 000. 000. 000. 348. 725. 704. 728. 724, 690. 717, 694, 360. 000.
284. 275, 000. 189, 348, 725. 7204. 720. 724. 698, ?717. 694. 360. 134, EXT. 4
264, 273, 000, 189. 348. 725. 704. 720. 724. 698. 717, 694. 360. 134.
000, 000. 000, 000. s4b. 725. 704, 728. 724, 698. 717. 694. 360. 000,
QUO. 000. 000. 000. 348. 725. 704. 728. 724. 4698, 717, 694, 360. 000.
000, 000, 000. 000. 348. 725. 704, 728. 724. 698. 717, 694. 360. 000,
000, 000. 000. 000. J48. 725. 704, 728. 724. 698, 717. 694. 360. 00O.
VESSEL SPEED BY MONTH AND CLASS (VSA)

JAN FEB HAR APR AFR MAY JUN JUL AUG SEkP ULT NOV DEC DEC
V0.0 00.0 00.0 00.0 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.00
Q0.0 00.0 00,0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14,7 14,7 14.7 13.70

EXT. 1

NGO

00.0 00.0 00,0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14,7 14.40
Q0.0 00.0 00.0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.00
00.0 00,0 00.0 10.7 13,9 13.9 13.9 13.9 15.9 135.9 15.9 13.9 13.9 13.00 EXT. 2
V0.0 00.0 00,0 11.0 14.7 14,7 14.7 14.7 14.7 14,7 14.7 14,7 14.7 13.70
Q0.0 00.0 00.0 13.4 14.7 14.7 14.7 14.7 14,2 14.7 14.7 14.7 14.7 14.40
00,0 00.0 00.0 12,2 14,7 (4.7 14.7 14.7 14:7 14.7 14,7 14.7 14.7 14.00
11,6 00,0 00.0 10,7 15.9 13.9 13.9 13.9 13,9 13,9 13.9 13.9 13.9 13.00 EXT. 3
12:7 00.0 00.0 11.8 14.7 14.7 14.7 14.7 14,7 14.7 14,7 14.7 14.7 13.70
13.9 00.0 00.0 13.4 14.7 14,7 14.7 14.7 14.7 14.7 14.7 14./ 14,7 14.40
13.1 00,0 00.0 12.2 14.7 14.7 14,7 14.7 14.7 14.7 14,7 14.7 14.7 14,00
11.6 08.7 00,0 10.7 13.9 13.9 13.9 135.9 13.9 13.9 13.9 13.9 13.9 13.00 EXT. 4
12.7 09:5 00.0 11.86 14.7 14,7 14.7 14,7 14,7 14.7 14.7 14.7 14,7 15.70
13,9 12,0 00,0 13.4 14.7 14.7 14,7 14.7 14,7 14.7 14,7 14.7 14.7 14.40

13¢1 0949 00.0 12.2 14,7 14.7 14.7 14.7 14:7 14.7 14.7 14.7 14.7 14.00
RELATIVE DEMAND INDEXES (DIN)
JAN FEP MAK E.AP L.AP MAY JUN JLY AUG SEF OCT NOQV E.DC L.DC

00.0 00.0 00.0 00.0 07.1 10.0 10.0 10.0 10.0 10.0 10.0 10.0 06.0 090.0 EXT.
00.0 00.0 00,0 06.0 07.0 10.0 10.0 10.0 10.0 10.0 10.0 10,0 08.0 07.0 EXT. 2
06.0 00.0 00.0 06.0 07.0 10,0 10.0 310.0 10.0 10.0 10.0 10.0 08.0 07.¢ EXT, 3
07:0 06.0 00.0 07.0 06.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 0.0 07.0 EXT, 4
VESSEL RETIREMENT FRACTIONS (FO)

4 S é 7 YEAR
0.00 0.00 0.00 0,00 1978
0.56 0.30 0.20 0,00 198S

1,00 0,50 0.30 0.00 1990
1.00 0.80 0.50 0.10 2000 o
1.00 0.85 0.80 0.20 2010
1,00 0.95 0.65 0.30 2020
1,00 1.00 0.95 0.80 2030
1.00 1.00 1.00 0.85 2040
1.00 1,00 1.00 0,90 2050
BASE YEAR FLEET (BASEFT)

4 S 6 7
6,10 1,60 0.00 8.20 ORE
1.00 0.40 0.00 1.5 coAaL
2.00 2,00 0.00 0.20 STONE
6.0 5.80 21.00 10.40 GRAIN
0,40 1,30 6.40 0.60 0 BULK
3.20 0.50 10.10 0.00 6 CARGO
B1ASED TRAFFIC FACTOR (DTF)

JAN FEB MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DC .
0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.00 EXT. 1
0.00 0.00 0.00 0,50 0.10 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.%50 EXT. 2
0450 0.00 0.00 0.50 0.10 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 LXT, 3
0s00 0.50 0,00 0.50 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 EXT., 4

EXTENDED SEASON DISTRIBUTION FRACTIUNS

Jwi F=2 Ha3 EuP=4 LDEC=S

0.,0000 0.0000 0.0000 0.5000 0.5000

0.5000 0.0000 0.0000 0.2500 0.2%00

043333 0.3333 0.0000 0.1667 0.1667

CAPACITY INCREASE WITH DEPTH (SHORT TONS PER INCH)

4 S é ?
0.00 91.80 41.80 113.10
1 CAPACITY EXPANSIUN? 1=YESsO=NQ
B | CAPACITY EXPANSION MEASURE
" 0.078 0.07S LOCRING TINME TRAVELING NEVELS
0.050 0.050 REDUCTION FACTORS 1NCREASE SHIP SPEED
' 0.050 0,029 FASTER DUMP-FILL
0.030 0.030 TRAFFIC CONTROL
0,130 0.130 MAXINMUM UTILIYY
b LOCKNING TIME REDUCTION SELECTOR
1 CAPACITY EXPANSION?
3 INCREASE ALLOWABLE DKAFT
$2.0 NEW DRAFT
[ DEEPER DRAFT AND LAKGER SHIPS
Q CAPACITY EXPANSION MEASURE 2
2 BUILD LARGER LULKS
11 MAXIMUM SHIP CLASS

0s70 0.70 0.70 0.70 0,70 1BHF




i

FLEET nIX BUILDING FACTORS
Okt COAL STONE GRAIN OBULK GCARGO

0.00 0,00 0.2% 0.00 0.20 0.10
0.00 0.00 0.03 0.00 0.30 0.10
0.10 0.05 0.10 0.13 0.30 0.40
G.10 0,35 0.40 0.05 0.20 0.0
V.00 0.10 0.00 0.00 0.00 0.30
¢.00 0.00 0.00 0.00 0.00 0.05
0.60 0.40 0.00 0.40 Q.00 0.00
020 0.10 0.00 0.20 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

SHIP CARRYING CAPACITIES
L] ? 10 11 12

40000, 45000. 60000. 72000. ¥0000.
24000. 28000. 40000, 72000. ¥0000.
20000, 45000. 60000. 72000. 90000.
24000, 28000, 60000. 72000. 90000.
24000, 28000. 60000. 72000. 90000.
24000, 28000. 40000. 72000. 90000.
LUCKING TINES (NORMAL)

4 S 6 7 8 ?

4 0 34.0 30.0 40.0 45.0 53.0
£4.0 34.0 38.0 40.0 435.0 53.0
34,0 34.0 38.0 40.0 45.0 53.0
34.0 38.0 40.0 435.0 933.0

34.0
LUCKING TIMES (LOW)

4 S é ? ] 1
34.0 34.0 38.0 40.0 45.0 .
34.0 34.0 39.0 40.0 435.0 .
34.0 34.0 39.0 40.0 43.0 .
34.0 34.0 38.0 40.0 45.0 .
LUCKING TIME (HIGH)

4 S é ? 8 14
34.0 34.0 30.0 40.¢0 45.0 S53.0
34,0 34.0 38.0 40.0 4.0 33.0
34.0 34.0 38.0 40.0 45.0 bds.0
4.0 34.0 38.0 40.0 45.0 53.0
LUCKING TIME STANDARD DEVIATION

AL GO
Gl W
[-X-N-X-]

4 S é ? 8 9
2.7 2.7 2.8 3.0 2.8 2.9
2.7 2.7 2.8 3.0 2.8 2.8
2.7 2.7 2.8 3.0 2.8 2.8
27 2.7 2.8 3.0 2.8 2.8
LUADING RATES

ORE coaL STONE GRAIN OBULK
26000. 9000, 2800. 1481. 600.
2800. 9000. 2800. 1481. 400,
2000, 9000, 2800, 1461, 600,
2600. 9000, 2800, 1481. 6&00.
2800. 9000, 2800, 1481. 600,
UNLOADING RATES

URE CoAL STONE GRAIN OBULK
13200, 6720, 6720. 1266. 143,
11200, 6720, 6720, 1266. 143,
131200, 6720, 6720. 1266. 143.
11200, 6720, 6720, 1266. 143,
11200, 4720, 6720. 1266, 143.
VESSEL SPEED
JAN FEB HMAR 1APR 2AFR MAY JUN

0.0 0.0 0,0 14.2 14.9 14.9 14.9
0.0 0.0 0.0 14.2 14.9 14.9 14.9
00 0.0 0.0 14.2 14.9 14,9 14.9
0:0 0.0 0.0 14,2 14,9 14.9 14.9
0.0 0.0 0.0 14.2 14.9 14.9 14.9
RETIREMENT PERCENTAGES

] ? 10 13 12

0.0 0.0 0.0 0.0 0.0 1978
0.0 0,0 0.0 0.0 0.0 1783
0.0 0.0 0.0 0.0 0.0 1990
0.2 0.0 0.0 0.0 0.0 2000
0.3 0.0 0.0 0.0 0.0 2010
0.8 0.0 0.2 0.0 0.0 2020
0.92 0.0 0.3 0.0 0.0 2030
1.0 1.0 0.3 0.0 0.0 2040
1.0 1.0 0.6 0.1 0.0 2030

CAPACITY INCREASE WITH DEPTH
] ?

10 11 12
115.60 167.10 207.10 226460 250.00
4] CAPACITY EXPANSIONT

10 11
$57.0 61.0
5.0 é1.0
57.0 61.0
$7.0 61.0

10 11
57.0 61.0
57.0 61.0
37.0 41.0
57.0 61.0

10 11
$7.0 41.0
$7.0 41.0
57.0 41.0
7.0 41.0

10 11
2.8 Z.8
2.8 2.8
2.8 2.8
2.8 2.8

GUCARGO
150,
150.
150.
150,
150.
GCARGO
150.
150.
150,
150,
150,
JUL  AUG
14.9

14,9
14,9
14,9
14,9

CLASS

u---s
N~ CONOWUD>

ORE
COAL
STONE
GRAIN

0 BULK
G CAKGO

12
73.0
3.0
23.0
73.0

12
73.0
73.0
73.0
73.0

12
73.0
73.0
73.0
73.0

12
2.8
2.8
2.4
2.8
CLASS

10

i1

12

CLASS

10
12

SEP UCT NUV

14.9 14.9 14.9 14.9
14.9 14.9 14.9 14.9
14.9 14.9 14.9 14.9
14.9 14.9 14.9 14,9
14.9 14.9 14.9 14.9

c-9

1DEC
14.9
14.9
14.9
14.9
14,9

2DEC
14,8
14,9
14.8
14.8
14.08




ST. LAWRENCE RIVER DATA FILE

1.3 GONOGOs» DATA FILE IDENTIFIER

4 MaXIMUN VESSEL CLASS
001+000 SEASON EXTENSLUNS
1:040 LOCKING TIWNES (NORMALLOWsHIGH)
0:¢7000:7010:70¢0.7000.70¢0.70+0.70+0.70+0.70 SHIP UTILIZATION FACTORS
1.,0005.00005.00100.00734.00000.33+00.00+00.00 FACTOR»CALFAC»SYSFAC»SYSADD»SYSTEM

FLEET NIX SHIP BULDING FACTORS
URE COAL STONE GRAIN OBULN GCARGO CLASS

0,00 0.00 0.00 0.00 0.20 0.20 4
©0.20 0.10 0.20 0.05 0.30 0.00 S
¢.00 0.10 0.10 0.35 0.30 0.80 é
.80 0,80 0.70 0.60 0.20 0.00 4

CARRYING CAPACITY bY SHIP CLAGS (IN SHORT TONS)
4 S é ?

0v3500. 21000. 15000, 27000. IRON ONE . STONE

QU700. 14000. 15000, 21000. COAL . GKAIN

08700. 14000. 15000. 21000. BULN . GENERAL CARGO

FKANSIT DISTRIBUTION FACTOR FUK VALILATION
JAN FEB MAR APR APR MAY JUN JUL AUG SEP O0OCT Nuv ULEC DEC
«000 .000 .000 .020 040 ,130 .124 .124 .124 .124 ,124 .130 .040 .020
«000 ,000 .000 030 .045 .125 .,220 .120 .120 .120 .120 .125 .040 .035
«000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .,000 .000 .000 .000

CARGO FRUJECTIONS 8338 1970 3888 (SHOURT TONS / YEAR) .

NUWNBOUND
133549, 2345, 2883. 8646, 1282. 110, 0. 809, 1. 889.
1. 1127, 2673, 1118. 194.
R5E 1979 SEX%
UPBOUND )
0. 0. LY 0. . 46. 16592. 17. 1003. 1985,

202, 827. 2366. 1868. 3723.
82 1965 siax

DUWNBOUND
20034. 1704, 4283, 7252, 1290. 112, Q. 8é1. 1. 96S.
1. 1267, 3131, 1220. 306.
548 1985 ssx8
UPBOUND
Q. Q. 8. 0. 9. 49, 16015. 16, 1095. 2100,
132. 922, 2406. 2038. 8610.
588 1990 s4xs
DOWNBOUND
22478. 1807, 5463, 6237. 1311, 126. 0. 1050, 1. 1021,
1. 1378, 3489, 1297. 314,
23X8 1990 ss82
UFBOUND
0. 0. 20, 0. 0. 5S. 19673, 18. 1161. Q1e1,
i51. 996. 2441. 2165, 7066, .
2858 2000 K582
DUWNBOUND
23337. 1991, 6284, S86é. 1337, 139. 0. 1234, 1. 1124,
2 1626, 4140. 1460, 403,
333% 2000 s83%
UPBOUND
0. Q. 23. Q. 0. 62, 20263, 18. 1279. 2334,
200, 1150, 2490, 2430. 7432,
35X 2010 5588 ’
DUWNBOUND
2%081. 2112, 7048. 6408, 1364. 1572, 0. 1466, 2. 1235,
2. 1957, 4831. 1645, 529,
212X 2010 52828
UPBOUND
0. 9. 25. 0. 0. é9. 22495, 19. 1411. 2500.

2356. 1321, 2559, 2727. ¥237.,
588K 2020 ¥88X

UQWNBOUND
26898. 21354, 7647, 7062, 1391, 180. g. 1742, 3. 1338,
2 2410, 3565, 1852, 628.
588 2020 s38%
UPBOUND
0. 0. 2S. 0. Q. @0, 24840, 19. 1556, 2679,

327, 1524, 2633, 3060. 7568.
2882 2030 s33%

DUWNBOUND .
29391, 2198, ©296. 771z,  1419. 206,  O. w0, 2, 1494,
2, 3079. 6449, 2086. 873,
2288 2030 35838
YPBOUND
a. 0. 2s. 0. 0. 90. 27389, 20. 1715, 2073,

416. 1768. 27268. 3433, 11890,
$88% 1040 s838

NUMNBQUND /
31864, 2242, 6946. 2341, 1448. 236. 0. 2460, 3. 1446.
2. 4051, 7474, 2350. 1171,
238X 2040 5883
UPBOUND
0. 0. 25, Q. [ 103, 30067. 20. 1890. 3087.

$34. 2061. 2042, 3857, 15603,
888 2050 sesx




!

VUMNDOUND
34209. 2287, 10244, v100. 1462, 270, 0. 2923, A, 1617,
3 $3080. 8665, 2648, 1551,

S858 2050 s3XK5
UFBOUND
0. 0. 25. 0. 0. 119, 33016, 21. 2084. 3319,
442, 2416. 2982. 4431, lyavl.

HUOURS AVAILABLE FUR LOCNING UFERATIONS BY MUNTH

JAN FEB MAR APR APR HMAY JUN JUL AUG SEFT (OCT NOV DEC UEC
28,2 23.0 23,7 23.2 23.2 23.2 23.3 23.3 23.2 23,2 23.2 22.9 23.2 23.2
LUCKING ;IHE IN MINUTES BY SMIP CLASS

4

é 7 SHI{P CLASS

0034. 0034. 0039, 004l. LOWN FOR CONSTRAINING LUCK
0034. 0034. 0040. 0041. UP
0033, 0031. 0036. 0037. DOQuUN FOR NON~CONSTRALNING LOCK
0u31. 0031. 0036. 0037. UP
LOM TIMES

4 S é 7 SHIP (LASS
0034, 0034, 0038. 0040. DOUMN FOR CONSTRAINING LOCK b
0033. 0033. 0039. 00V40. UP }
0031, 0031. 0035, 0036. DOWN FOR NON-CONSTRAINING LUCK
0031, 0031. Q035. 0036, UP
HIGH TIMES

4 S é ? SHIP CLASS
0035, 0035. 0040. 0042. LULOWN FOK CONSTRAIMING LOCAN
0035, 0035. 0041. 0041. UP
0032, 0032. 0037. 0039. DOWN FOUR NON-CONSTRAINING LUCK

0032. 0032. 0037. 0037. uF
LUCKNING TIME STANDARD DEVIATIOUN 1IN MINUTES kY SHIP CLASS

4 S 6 4 SHIP CLASS
002.7 002.7 002.8 003.0 ULOuN FOR CONSTRAINING LUCKN
QU2.7 002.7 002.8 003.0 uP
002.3 002.3 002.7 00Z.4 LOWN FOR NON-~CONSTRAINING LUCK

002,3 002.3 002.7 00,4 UF
VALIDATION BIAS TRAFFIC FACTOKS
E.AP L.AP E.DC L.UC

01,00 00.80 00.20 00.40

TURNBACK TIME IN MINUTES MY LOCA
CUN. NON-C.

0000. 0000. 0000.

SHIP COST (8/HOUR) BY SHIP CLASS
4 S é 7 8 14 10 11 SHIP CLAGS
000323, Q00394. Q00254. 0UQ433. 000423. 00ASS3I. 000S79. 000632. OPERATING _LOW)
Q00287. 0003%6. 000238. 000438, VL0493, 000630. 000767. VVOb//. LAPITAL COST

NUN-COMMERCIAL CRAFT DAILY ARRIVAL . ICE LUCMNAGES

JAN FEB MAR APR APR MAY JUN JUL AUG SEF ULT NOV DEC [EC

00.0 00.0 00,0 00.0 00.0 00.0 01.¢ ©1.%5 01.5 01.0 00.0 00.0 00.0 00.0 up
G2.0 03.0 03.0 01.0 00,0 00,0 01.0 01.5 01.5 01.0 00.0 00.0 00.0 00.0 N
LUADING FACTOR ~ FLOAD

V] c 8 ] o GC

1.001.001.001.000.850.085

UNE wAY DISTANCES(DISTN)

UKRE COAL STONE GKAIN O BULK G CAKGO
01025, 00237. 00187, 01412, 00%x. 01060, N
00588, 00389. 00S69. 01043. 00%89. 00684, uF
I.LUADING RATE (FILL)

ORE COAL STONE GRAIN U BULA G CAKGO
0200, 09000. 02800. 01481. 00600. 00150,
02800, 09000. 02800. 01481. 00600, 00150.
02800. Q¥000. 02800. 01461, 004600. 00150,
02800, 09000. 02800. O1441. 00600. 00150,
UNLUADING RATE (EMPTY)

UKE COAL STONE GRAIN 0 BULK G CARGO
02800. 01848, 00700. 01266, 00143. 00150,
02800, 01948. 00700. 01266, 00143, VL3130,
02800. 01848. 00700. 01266, 00143, 00130.
13200. 06720, 11200. 012646. 00143. 00130,
HOUKS PER MO. PER SEASON EXTENSION (HRS)
JAN FEB MAR APR APR MAY JUN, JUL AUG SEP ULT NOV DEC DEC
000, 000. 000, 000, 347, 71@. 6968. 722. 718. 6Y0. 714, 688. 3I59. 000. Ukt EXT. 1
000, 000. 000, 000. 347. 718. 698, 722. 718. 6Y0. /14, 688. 3%9. 000. conL
QUO. 000. 000. 009. 347, 716. 6Y8. 722. 718. 690. 714, 688. 359, 000. STONE 4
000, 000. 000. 000. 347, 718. 698, 722. 718. 690. 714, 6688. 3I59. 000. GRAIM !
000, 000, 000. 000. 347, 718. 698. 722. 718. 6Y0. 714, 686. 3359. 000, 0 BULA 3
000, 000, 000. 000. 347. 718. 698. 722. 718. 6Y0. 714, 688. 359. 000. 6 CARGO
000, 000, 000. 188. 347, 718. 6968, 722. 718. 690. 714, 688. 359, 131. ORE EXT. 2
VU0, 000, 000. 188. 347, 718. 698. /22. 718, 690. 714, 488. 359. 131, coaL
000, 000. 000. 188, 347, 718. 698. 722, 718. 6Y0. 714. 680. 359, 131, STUNE y
000, 000. 000, 188. 347: 718. 498, 722. 718. 690. 714, 448. 359, 131, GRAIN
000. 000. 000. 188. 347, 718. 696, 7222. 718. 690. 714, 6v@. 359. 131. 0 BULK
V00, 000. 000, 188, 347. 718, 498, 722, 718. 690. 714. 688. 359. 131, 6 CARGO
236. 000. 000. 180. 3J47., 718. 698. 722. 718. 6Y0. 714, 688, 3IS9. 131. Ukt EXT, 3
256. 000, 000. 180. 347. 718. 698. 722. 718. 6%0. 714. 686. 3I59. 131. COAL
Q0g. 000. 000. 000, 347. 718. 698, 722. 738. 6Y0. 714, 688, 359. 000. STUNE
QO0. 000. 000. 000. 347, 718. 6¥8., 722, 718, 6%0. 714. 688. 359. 000. URAIN
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Quo. 000, 000. 000. 347, 718. &98. 722. 718. 690. 714. 688. 359. 000. U BULKN

000, 000, 000. 000. 347. 71b. 698, 722. 718. 6Y0. 714, 688. 359. 000. G CAKGL

256. 267. 000. 188. 347, /18. 498. 722. 719. 690. 714. 688, 3IT9. 131. ORE EXT., 4

#%6. 267, 000. 188. 347. 718. 6%Y6, 722. 718. 690. 714. 686, 3I3Y. 141, CoAL {
0QO. 000. 000. 000. 347. 718. 698, 722. 718, 6Y0. 714. 688. 359. 000. STONE ;
000, 000, 000, 000, 347. 718. 6Y8. 722, 718. 6Y0. 714, 688. 359. 000. GRAIN K
000. 000. 000. 000. 347, 718. 698. 722. 718. 690. 714. 6486. 3I59. 000, 0 bULK

Q0. 000, 000. 000. 347. 718. 698. 722. 718. 6Y0. 714. 686. 3I59. 000. G CARGO
VESSEL SPEED BY MONTH AND CLASS (VSA) .
JAN FEB MAR APR APR MAY JUN JUL AUG SEP ULT NOV DEC DEC

00,0 00.0 00.0 00.0 13.9 13.9 13.¥ 13.9 13.9 13.9 13.9 13.9 13.9 13.0 4 EXT, «
00.0 00.0 00.0 00,0 14.7 14,7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.7 3
00.0 00,0 00.0 00.0 14.7 14.7 14.7 14.7 14.7 14.7 14,7 14.7 14.7 14.4 6
00.0 00,0 00.0 00,0 14.7 14,7 14,7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7
00.0 00.0 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13,0 4 EXT, 2 :
00.0 00,0 00.0 11.9 14,7 14.7 14,7 14.7 14,7 14.7 14.7 14.7 14.7 13.7 -]
G0.0 00,0 00,0 13.4 14.7 14.7 14.7 14.7 14,7 14.7 14.7 14.7 14.7 14.4 [
00.0 00,0 00.0 12.2 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7

11,6 00,0 00.0 10,7 13.9 13.9 13.9 15,9 13,9 13.9 *3.9 13.9 13.9 13.0 L] EXT. 3
12,7 00,0 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 13.7 S
13.9 00,0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 14,7 14.7 14.7 4.7 14.4 &

13.1 00.0 00,0 12,2 14,7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.0 7

31.6 08.7 00.0 10.7 13.9 13.9 13.9 13.9 13.9 13.9 13.9 15.9 13.9 13,0 4  EXT. 4
12.7 09.5 00.0 11.8 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14,7 14.7 13.7 s

13.9 12,0 00.0 13.4 14.7 14.7 14.7 14.7 14.7 (4.7 (4.7 14,7 14.7 14.4 6

13.1 09,9 00.0 12,2 14.7 14,7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14,0 7

KELATIVE PEMAND INDEXES (DIN)

JAN FEB MAR E.AP L.AP MAY JUN JLY AUG SEP OCT wNOV E.O0C L.DC
00.0 00.0 00.0 00.0 06.2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 06.3 00.0 EXT. 1
00,0 00.0 00.0 04.0 07.0 10.0 10,0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT, 2
6.0 00,0 00.0 06.0 0/.0 10.0 10,0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 3
07.0 06,0 00.0 06,0 07.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 08.0 07.0 EXT. 4
VESSEL RETIREMENT FRACTIONS (PO)

4 S & 7 YEAR
0.00 0.00 0.00 0.00 1978
.56 0.30 0.20 0.00 1989
1,00 0.50 0.30 0.00 1990
$.00 0.80 0.30 0.00 2000
1.00 0.85 0.80 0.20 2010
1.00 0.95 0.85 0.30 2020
1.00 1.00 0.95 0.80 2030
1.00 1.00 1.00 0,85 2040
1.00 1.00 1.00 0.90 2050
BASE YEAR FLEET (BASEFT)

4 S & ?

0,00 5.70 0.00 6.40 ORE
0,90 0.30 0.00 0.50 COAL
0,30 0.70 0.40 0.10 STONE
11.20 4.70 22.10 7.90 GRAIN
2,80 0,40 7.40 0.00 0 BULK
4.20 0.70 11.40 0.00 & CARGO
BIASED TRAFFIC FACTOR (BTF)

JAN FEP MAR E.AP L.AP MAY JUN JLY AUG SEP OCT NOV E.DC L.DC L
0.00 0.00 0.00 0.00 0.90 0.00 0.0¢ 0.00 0,00 0.00 0.00 0.00 0.50 0.060 €XT. 1 ;
0.00 0.00 0.00 0.50 0.10 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.10 0,00 EXT, 2
0.50 0.00 0.00 0.50 0.10 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 EXT. 3 E |
0.00 0.50 0.00 0.50 0.10 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.10 0.00 EXT. 4
EXTENDED SEASON DISTRIBUTION FRACTIONS
Jsy F=2 H=3 EAPR=4 LUEC2S
0.0000 0.0000 0.0000 0.%000 0.5000 ISNt
0.5000 0.0000 0,0000 0.2500 0.2500 1SN3 ]
0.3333 0.3333 0.0000 0.1667 0.1667 ISN4
CAPCITY INCREASE WITH DLPTH (SHORT TONS PER INCH)

4 S - 7 .
0,00 91.80 61.80 113.10
1 CAPACITY EXPANSION? 1sYES,O=NU .
] CAPACITY EXPANSION MEASURE
0.07% 0.07% LOCKING TINE TRAVELING KeVELS ‘
0.025 0.02% REDUCTION FACTORS  INCREASE SHIP SPEED b
0.055 0.010 FASTER DUMP-FILL .
0.045 0.045 TRAFFIC CONTROL
0.130 0.130 MAXINUM UTILITY
s LOCKING TIME REDUCTION SELECTOR .

i CAPACITY EXPANSIONT?

3 INCREASE ALLOWABLE DRAFY

32,0 NEW DRAFT

0 DEEPER DRAFT AND LAKGER SHIPS
0 CAPACITY EXPANSION MEASURE 2
2 BUILD LARGER LUCKS

1 MAXINUM SHIP CLASS

0.70 0.70 0.70 0.70 0.70 IBHF




FLEET MIX BUILDING FACTORS
URE COAL STONE GRAIN OBULK GCARGO CLASS
| 0.00 0.00 0.25 0.00 0.20 0.10 4
| 0.00 0,00 0.05 0.00 0.30 V.1V S
0.0 0.0%5 0.10 0.15 0.30 V.40 &
0,10 0.35 0,60 0.05 0.20 0.0Y ?
0.00 0.10 0.00 0.00 0.00 0.30 &
0.00 0.00 0.00 0.00 0.00 0.05 14

0.60 0.40 0.00 0.60 0.00 0.00 10
0.20 0,10 0,00 0.20 0.00 0.00 11 ‘
0.00 0.00 0,00 0.00 0.00 0.00 12 !
SHIP CARRYING CAPACITIES 1
[ 9 10 11 12 !
28000, 45000. 60000. 72000. Y0000. ORE !
24000. 28000. 50000, 72000. Y0V0O. COAL :
24000, 45000. 60000, 72000. YV000. STONE i
24000, 28000. 60000. /2000, 90000. GRAIN :
24000, 28000. 60000. /2000. 90000. U BULK :
24000. 28000. 60000. /2000. 90000. G CAKGO
ILUCKING TINES (NORMAL)
4 5 6 7 [} y 10 11 12
54.0 34,0 38.0 40.0 45.0 S$3.0 5/.0 61.0 73.0
54,0 34.0 38.0 40.0 45.0 %4.0 57.0 &1.0 73.0
34,0 34.0 39.0 40.0 45.0 S3.0 7.0 61.0 73.0
34.0 34.0 38.0 40.0 45.0 S3.0 S7.0 641.0 73,0
LUCNING TIMES (LOW)

4 S é ? -] 14 10 11 12
34.0 34.0 38.0 40.0 45.0 33.0 S7.0 61.0 73.0 -
44.0 34.0 38,0 40.0 45.0 353.0 57.0 1.0 73.0
34.0 34.0 36.0 40.0 435.0 53.0 S/.0 61.0 73.0
34.0 34.0 30.0 40.0 45.0 S53.0 S572.9 1.0 /3.0
LUCKING TIME (HIGH)

4 S & ? 8 9 10 11 12
34.0 34.0 38.0 40.0 45.0 33.0 57.0 41,0 73.0
4.0 34.0 38.0 40.0 45.0 %3.0 5/7.0 61.0 73.0
44.0 34.0 38.0 40.0 45.0 353.0 S57.0 41.0 73.0
$4.0 34.0 38.0 40.0 43.0 53.0 572.0 4t.0 73.0
LUCKING TIME STANDARD DEVIATIUN

" 5 6 7 8 v 10 11 12
2.2 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.8
2.7 2,7 2.8 3.0 2.8 2.8 2.8 2.8 2.8
2.7 2,2 2,8 3.0 2.8 2.8 2.8 2.8 4.8
2.7 2.7 2.8 3.0 2.8 2.8 2.8 2.8 2.4
L.UADING KRATES
ORE COAL SIONE GRAIN UBULA GCARGO CLASS
‘ 2800. 9000. 2800. 1481, 400, 150, 8
2900, 9000. 2800. 1481. 600. 150, 9
r 2600, 9000. 2800. 1481, 600. 150, 10
2800  9000. 2800. 1481. 600. 150, 11
2600, 9000. 2800. 1481. 600. 150, 12 »
UNLOADING RATES 1
URt COAL  STONE GRAIN OBULN GLARGO CLASS
11200, 6720. 6720. 1266, 143. 150. 8
11200, 6720. 6720, 1266. 143. 150. ? {
11200, 6720. 6720, 1266. 143. 150. 10
11200, 6720. 6720, 1266. 143. 150, 11
' 11200, 6720, 6720. 1266. 143, 150. 12

VESSEL SPEED
JAN FEB HMAR 1APR 2AFK MAY JUN JUL AUG bSkP ULLT NOV 1DEC 2DEC

0.0 0.0 0.0 14,2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8
1 0.0 0.0 0.0 14.2 14.9 14.9 14.9 14,9 14.9 14.9 14.9 14.9 14.9 14.8 R
] 0.0 0.0 0.0 14,2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 j
; 0.0 0.0 0.0 14.2 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.9
0.0 0.0 0.0 14.2 14.9 14.9 14,9 14.9 14.9 14.9 14.9 14.9 14.9 14.8 .
H KETIREMENT PERCENTAGES
] " 9 10 11 12
i 0.0 0.0 0.0 0.0 0.0 1978 ]
? 0.0 0.0 0.0 0.0 0.0 1985 3
0.0 0,0 0.0 0.0 0.0 1990
- 0.2 0.0 0.0 0.0 0.0 2000
4 0.3 0.0 0.0 0.0 0.0 2010
4 0.8 0.0 0.2 0.0 0.0 2020 y
H 0.92 0.0 0.3 0.0 0.0 2030
1.0 1.0 0.5 0.0 0.0 2040 ,
g 1.0 1.0 0.6 0.1 0.0 2050
3 CAPACITY INCREASE WITH DEPTM
E 8 9 10 14 22
115.60 167.10 207,10 2z8.60 2%0.00
0 CAPACITY EXPANSION?




APPENDIX D
SAMPLE OUTPUT LISTING
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